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Preface

In 1987, the State Legislature passed the State Water Code (HRS
Chapter 174C) to protect and manage Hawaii’s surface and ground water
resources. Part IIl of the State Water Code calls for the formulation of a
Hawaii Water Plan, an integrated program for the protection, conservation, and
management of the waters of the State. The Kauai Water Use and
Development Plan is one of seven subplans which collectively comprise the
Hawaii Water Plan.

The Kauai Water Use and Development Plan, adopted by Kauai County
ordinance and endorsed by the Mayor on April 27, 1990, will serve as a
continuing long-range guide for water resource development in the County.

On June 27, 1990, the State Commission on Water Resource
Management accepted the Kauai Water Use and Development Plan for
incorporation into the Hawaii Water Plan, with the following stipulations:

(1)  The Water Use and Development Plan (WUDP) will be reviewed
and revised by the County and resubmitted to the Commission
by July 1, 1991. The Commission would provide the County
with supplemental assistance funds for this initial plan revision
period. Thereafter, because the WUDP obtains its primary
directions from the Hawaii Water Plan, periodic plan reviews and
revisions, at the County’s expense, will be timed to coincide with
the review process of the Hawaii Water Plan.

(2) Amendments to the County’s WUDP are to be adopted by
ordinance and transmitted to the Commission within ten working
days from their date of adoption for review, acceptance, and
incorporation into the Hawaii Water Plan.
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INTRODUCTION AND SUMMARY

In 1978, the State of Hawaii Constitution was amended to mandate that "the State has
an obligation to protect, control, and regulate the use of Hawaii’s water resources for
the benefit of its people." The State Water Code was enacted by the Legislature as Act
45, Session Laws of Hawaii 1987.

One of the primary policies of the State Water Code is the need for a program of
comprehensive water resources planning to address the problems of supply and
conservation of water. The Hawaii Water Plan is intended to fulfill this comprehensive
planning requirement through four component parts: a water resource protection plan,
water use and development plans for each County, a water projects plan, and a water
quality plan. As one of the component plans, the Kauai Water Use and Development
Plan is intended to set forth the water use and development planning considerations for
the County of Kauai.

The Kauai Water Use and Development Plan shall be adopted by reference when the
Ordinance is adopted by the County Council.

The Island of Kauai has an adequate supply of water to meet the projected demands of
the County up to and beyond the year 2010. This includes domestic, commerecial,
industrial and agricultural water demands. The de-facto population of Kauai is
projected to grow from 70,100 (51,800 residents) in 1990 to 124,500 (86,900
residents) by the year 2010 by the State of Hawaii Department of Business and
Economic Development. Long range water demands, beyond the year 2010, based on
General Plan considerations have also been estimated and are presented in this
Executive Summary and in the main report.

The State Water Code requires that all existing and projected water use and
withdrawals be reported according to areas called hydrologic units. Water use refers
to the water actually consumed for domestic, commercial, industrial or agricultural
activities. Water withdrawn refers to water taken from a hydrologic unit for use, by
wells, tunnels and stream diversions. In this way, water used and withdrawn can be
compared to the sustainable yields estimated by the State Water Resources Protection
Plan.

The sustainable yield is the estimated amount of water that can be safely withdrawn
from a hydrologic unit. The sustainable yields used in this report are preliminary
estimates that can give an order of magnitude of the actual sustainable yield of the
given hydrologic units. A hydrologic unit with a lower sustainable yield than water
withdrawal does not necessarily indicate that the hydrologic unit is being compromised
or overdrawn. This condition would indicate a need for further study in the ongoing
program of the State Water Plan. The Water Use and Development Plan and the State
Water Plan will be amended as additional information becomes available.



All hydrologic units on Kauai have adequate sustainable yields for groundwater,
according to the Water Resources Protection Plan, except for Kekaha. Well tests
indicate that a problem does not exist at this time. The discrepancy between the
estimated sustainable yield and actual field experience is a function of the limited
hydrologic information available upon which the sustainable yield estimates were based.
Also, the water pumpage reported by the sugar company in Kekaha includes some non-
potable water. Additional hydrologic studies should be conducted to clear up this
discrepancy. The Waimea, Makaweli, and Hanapepe hydrologic units show an
inadequate sustainable yield when compared to surface water withdrawn. Since the
sugar plantations adjust their irrigation practices to match the water available, this is
not expected to be a problem. The sustainable yield estimates for surface water are very
approximate and more studies need to be done to refine these estimates.

The present Water Master Plan has identified many well sites which can be developed
to meet the projected potable water needs of Kauai to the year 2010. Additional
information has been developed since the Master Plan was prepared and other well sites
have been found. A program of well exploration will have to be undertaken in the
Hanamaulu, Wailua, Anahola and Waimea hydrologic units to find additional well sites
for water development beyond the year 2010. The hydrologic units have the sustainable
yields to meet the projected long range needs of Kauai so the primary problem is one
of source development. The water is there but the DOW must develop the wells before
it can be used. A water source and storage program costing up to $94,000,000 will be
necessary to meet the projected needs to the year 2010.

While the areas with discrepancies in sustainable yields to withdrawals should be
studied, the high priority areas for further study should be those areas where high
growth is projected. It is recommended that these areas be Koloa-Poipu (Koloa
hydrologic unit), Lihue (Hanamaulu hydrologic unit) and Kawaihau (Anahola hydrologic
unit). The areas next in importance should be the Kekaha, Hanapepe, Waimea and
Makaweli hydrologic units.



PLANNING

The County of Kauai has a land area of 357,248 acres, the fourth largest island in the
Hawaiian chain. The Island of Kauai comprises less than 10 percent of the land area
of the State of Hawaii. Kauai had an estimated resident population of 47,600 in 1987.

Hawaii’s water resources vary greatly between islands as well as within each island.
There are perennial streams and flash streams, rain forests and cactus deserts. There
are groundwater tunnels high in the mountains and low near sea level.

The County of Kauai has a growing economy based on the sugar industry and tourism.
Provisional estimates for 1987 indicate a State of Hawaii resident population of
1,082,500 of which 47,400 or approximately 4 percent are in the County of Kauai.

According to the County of Kauai’s Office of Economic Development, 1987 resident
population figures for the five district areas on Kauai were: Waimea District - 8,907;
Koloa District - 11,056; Lihue District - 9,726; Kawaihau District - 13,002; Hanalei
District - 4,709.

The major economic forces in the County of Kauai, as well as for the State of Hawaii,
are tourism, construction, the military, agriculture, and manufacturing.

The three major determinants of land use in the County of Kauai are the State Land Use
District Classifications, the County General Plan and the County of Kauai’s Land Use
Ordinance (zoning codes), which implements the General Plan. The County of Kauai
is divided into five districts; Waimea-Kekaha, Koloa, Lihue, Kawaihau and Hanalei.

The State Land Use for the Island of Kauai includes; 12,391 acres or 4 percent of the
land in the Urban District, 141,544 acres or 45 percent of the land in Agricultural Land
Use District, 198,732 acres or 56 percent of the land in Conservation Land Use District
and 1,233 acres or less than half a percent in a Rural Land Use District.

The County’s land use regulation system is headed by the General Plan which currently
designates specific types of uses for all parcels. The types of uses, called General Plan
Land Use Designations, distinguish between specific urban uses such as commercial,
industrial, multi-family residential and single-family residential, and non-urban uses such
as agriculture and open. To implement General Plan Land Use Designations, zoning is
required.



The estimated acreage of the basic land use units for the General Plan are:

PF Public Facilities 3,800 acres
R Resort 2,860 acres
UMU Urban Mixed Use 3,360 acres
UR Urban Residential 7,520 acres
RR Rural Residential 2,100 acres

Note: The other areas are in Open, Agricultural and Conservation lands.

The Kauai Comprehensive Zoning Ordinance provides development and design
standards for the location, height and size of structures, yard areas, off-street parking
facilities, and open spaces, and the use of structures and open spaces, and the use of
structures and land for agriculture, industry, business, residences or other purposes.
Table 1 shows the acreage for the basic zoning districts by planning area.

The State Department of Business and Economic Development (DBED) M-K projections
anticipate that the resident population of the County of Kauai will rise 86 percent from
45,400 in 1985 to 86,900 in 2010. The de facto population of the County of Kauai
which includes visitors, is expected to increase 121 percent from 56,200 in 1985 to
approximately 124,500 in 2010. Table 2 shows the projected increase in population
from 1990 to 2010 and the areal distribution of the population in 2010, based upon
zoning.

The two major economic forces in the County of Kauai, as well as in the State of
Hawaii, will continue to be tourism, and agriculture, primarily sugar exports. Tourism,
as in the past, will continue to be a leading economic force in Hawaii. The primary
resort area on Kauai will continue to be the Koloa-Poipu area with an increase in
development in the Princeville area.
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TABLE 2

Kauai Water Use and Development Plan
POPULATION PROJECTIONS

YEAR (1) RESIDENT VISITOR (2) DEFACTO
1990 51,800 18,300 70,100
1995 59,500 22,200 81,700
2000 67,900 26,100 94,000
2005 76,800 28,000 104,800
2010 86,900 37,600 124,500

AREAL POPULATION DISTRIBUTION (2010) BY ZONING

AREA (1) RESIDENT VISITOR TOTAL
HANAPEPE, WAIMEA 11,300 527 11,827
KOLOA 19,970 12,390 32,360
LIHUE 20,860 8,542 29,402
KAWAIHAU 22,600 8,309 30,909
HANALEI 12,170 7,833 20,003

AREAL POPULATION DISTRIBUTION (2010) BY GENERAL PLAN

AREA (1) RESIDENT VISITOR TOTAL
HANAPEPE, WAIMEA 15,909 1,666 17,57%
KOLOA 27,916 8,799 36,715
LIHUE 16,882 7,417 24,299
KAWATIHAU 22,165 5,840 28,005
HANALET 4,027 13,878 17,905

1 KAUAI DEPARTMENT OF ECONOMIC DEVELOPMENT
2 HAWAII STATE DATA BOOK



EXISTING WATER USE AND DEVELOPMENT

The major users of Kauai water include the sugar plantations, the Kauai Department of
Water (DOW), private industry, diversified agriculture, and other private users who
develop water for their own consumption. The DOW is the major supplier of potable
water for nearly all residential and urbanized uses on Kauai. Table 3 shows the
estimated amount of water used on Kauai in 1988. Figure 3 shows the existing water
use and well capacities by water system.

The sustainable yields represent an estimate of the rate of total pumpage which could
be continuously withdrawn from an aquifer without affecting either the quality or
quantity of the output. Sustainable yields are derived from predevelopment water
balances and groundwater behavior over a period of time, and are only estimates to be
used as general guidelines at this time. Predevelopment refers to the hydrologic
conditions of the Island of Kauai before the introduction of urbanization and agricultural
activities. Thus, the impacts of agricultural transport of water and aquifer recharge due
to irrigation practices have yet to be taken into account. These estimates will have to
be updated in later studies as more hydrologic information is developed for the Island
of Kauai. The present estimates can give an order of magnitude of sustainable yield of
the given hydrologic unit. A negative discrepancy between sustainable yield and water
withdrawal in a hydrologic unit would indicate that the area should require a higher
priority further study.

A water balance analysis was used to estimate the sustainable yields used in the State
Water Resources Protection Plan. A balance was established between the only source
of water in a hydrologic unit, rain, and the water leaving the hydrologic unit. Water
leaves the hydrologic unit by evaporation, consumption by plants or transpiration and
runoff from streams and rivers. The remaining portion of the rain water percolates into
the ground where it can recharge the various types of groundwater aquifers. Of this
amount that percolates into the ground, a portion is available for consumption. This
portion available for consumption is the sustainable yield for groundwater.

Some groundwater will reappear as surface water, such as springs, which increases the
total amount of surface water in rivers and streams. This interaction between surface
and ground water makes it more difficult to determine the sustainable yield for surface
water. The surface water estimates in this report are very approximate. The
consumption of water by man through wells, tunnels and stream diversions for
domestic, industrial, commercial and agricultural uses changes the natural hydrologic
patterns used in the sustainable yield estimates. Irrigation practices divert water that
would normally have flowed to the ocean and place it on crop fields, a portion of which
percolates back into the ground to recharge the groundwater aquifers. This will affect
the sustainable yield estimates. Additional studies will have to be done to take these
factors into account.

Of the total of 388 mgd groundwater sustainable yield islandwide, an estimated 60 mgd
was withdrawn in 1988. This leaves a remainder of 328 mgd of available groundwater
supply to accommodate future demands. Within individual aquifers, however, there is



TABLE 3

WATER USE ON KAUAI

1088
Quantity (mgd) Percent
Board of Water Supply (1) 10.5 25
Sugarcane Plantations (2) 355.2 84.0
Private Use & Industrial (3) 57.7 13.5

1
)
(3)

423.4 100

DOW records, includes Princeville water use

DOWALD and sugar companies

DOWALD and miscellaneous sources. Includes unverified data from State water
registration forms.
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substantial variation with one aquifer having a significant withdrawal over sustainable
vield. The Kekaha aquifer is estimated to be overdrawn by 7.52 mgd for groundwater
but all other aquifers show significant surplus. The estimated overdraft of 7.52 mgd is
not occurring at this time based on actual experience. The estimate indicates that the
area should have a high priority for further study but there is no indication that the
aquifer is being compromised or overdrawn at this time. The Waimea, Makaweli and
Hanapepe hydrologic units show an overdraft for surface water which would also
indicate the need for further study. Since the sugar companies adjust their irrigation
practices to the water available, this is not considered to be a problem.

Agricultural users of water on Kauai consist primarily of plantation irrigation of
sugarcane fields. Other diversified agricultural pursuits use a considerable amount of
water (including taro, macadamia and other vegetables, coffee, melons, and fruits). The
largest use of water on Kauai is for the irrigation of sugarcane plantations. The
plantation companies utilized approximately 355.2 mgd for irrigated sugarcane, about
99 percent of all surface water utilized in 1988 on Kauai. Figure 5 shows the existing
municipal and irrigation water demands by hydrologic unit. Table 4 shows the existing
amount of water used in a hydrologic unit, and Table 5 shows the amount of water
withdrawn from a hydrologic unit. It should be noted that the water use figures do not
directly impact upon the sustainable yields of the given hydrologic units. Water
withdrawn describes the water taken from a hydrologic unit for use in the same or other
hydrologic unit. Water use describes the water used in the hydrologic unit but the
water can be transported from another hydrologic unit. So the withdrawal figures are
directly related to the sustainable yield figures of a hydrologic unit. Water use and
withdrawals are shown on Figures 5, 7 and 9 to graphically depict the areal distribution
of water use.

A major independent water system has been established in Princeville community. The
Princeville System serves domestic and commercial water needs for the Princeville
community including residences, resort areas and small shopping areas and is included
in the municipal water demand calculations. The estimated domestic and commercial
water use for Princeville is approximately 0.7 mgd.

10
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TABLE 4

Kauai Water Use and Development Plan
EXISTING WATER USE SUMMARY
Water Used in Hydrologic Unit

Hydrologic System Water Used (MGD) Sus. Yield (MGD)

Ground Surface Ground Surface
Koloa 20101 31.93 29.02 30 21.7
Hanamaulu 20102 4.36 26.08 40 34.2
Wailua 20103 0.54 43.61 60 147.0
Anahola 20104 2.55 35.91 36 30.9
Kilauea 20105 0.19 6.89 17 16.8
Kalihiwai 20201 0.61 0.11 16 30.3
Hanalei 20202 0.37 13.15 35 151.5
Wainiha 20203 0.09 62.18 24 252.4
Napali 20204 0.00 0.00 20 12.8
Kekaha 20301 20.07 52.53 12 2.8
Waimea 20302 0.28 5.78 42 43.8
Makaweli 20303 2.41 77.58 30 22.6
Hanapepe 20304 0.15 7.02 26 43.6

Sustainable Yields are pre-development estimates and
are provided only as a general guide. The estimates
for surface water are very approximate. Further study
is indicated before more definitive conclusions can be
drawn for planning purposes.

Water used in a hydrologic unit describes where water
is actually utilized for domestic or irrigation
purposes. Water use does not directly impact the
sustainable yield of a hydrologic unit as water could
be withdrawn and transported from another hydrologic
unit.



TABLE 5

Kauai Water Use and Development Plan
EXISTING WATER USE SUMMARY
Water Withdrawn from Hydrologic Unit

Hydrologic System Water Withdrawn (MGD) Sus. Yield (MGD)

Ground Surface Ground Surface
Koloa 20101 16.25 12.53 30 21.7
Hanamaulu 20102 4.36 7.22 40 34.2
Wailua 20103 0.33 60.52 60 147.4
Anahola 20104 2.76 25.63 36 30.9
Kilauea 20105 0.28 6.89 17 16.8
Kalihiwai 20201 0.79 0.11 16 30.3
Hanalei 20202 0.11 30.61 35 151.5
Wainiha 20203 0.09 62.18 24 252.4
Napali 20204 0.00 0.00 20 12.8
Kekaha 20301 19.52 0.53 12 2.8
Waimea 20302 0.83 57.78 42 43.8
Makaweli 20303 2.41 51.58 30 22.6
Hanapepe 20304 15.83 44.28 26 43.6

Sustainable Yields are pre-development estimates and
are provided only as a general guide. The estimates
for surface water are very approximate. Further study
is indicated before more definitive conclusions can be
drawn for planning purposes.

Water withdrawn from a hydrologic unit describes the
water taken from a hydrologic unit by well pumping,
tunnels, or stream diversions for domestic or
agricultural uses.



FUTURE WATER NEEDS

Municipal water demand consists of water supply provided for Kauai customers of the
Department of Water. These include the vast majority of residential, commercial,
governmental and industrial users, as well as smaller agricultural farmers. A portion of
the military water demand is also serviced by the Department of Water. The Princeville
water system is included in the water demand estimates.

Future municipal water demand on Kauai is projected by major system areas and
hydrologic units up to the year 2010. The projections are based on the widely accepted
population projections developed by the State Department of Business and Economic
Development, the most recent Series M-K projections.

The existing per capita consumption by district was used in projecting water demand
for the planning period. The per capita consumption in gallons per capita per day
(gpcd) rates used are; 187 gpcd for Waimea, 155 gped for Koloa, 202 gped for Lihue,
124 gpcd for Kapaa and 155 gped for Hanalei. A no increase or decrease in per capita
consumption has been assumed through the planning period. The Princeville
development, the Princeville water demand is included in the projections for the Hanalei
area.

Table 6 shows the actual and projected municipal water demand from 1990 to 2010
based on the above methodology. Municipal and private potable water demand for
Kauai is anticipated to increase from the current level of 10.51 million gallons per day
(mgd) to 20.08 mgd by the year 2010.

The future water demand for agricultural pursuits is dependent on the type of crops
cultivated and the number of acres under cultivation. Principal among these on Kauai
are sugar and diversified agriculture. These demands are assumed not to change except
for the State agricultural park developments.

Table 6 shows future water needs by planning areas, the 20-year or 2010 projections
and the long range demand based on the County General Plan. Tables 7 and 8 present
the projected 20-year water use within a hydrologic unit and withdrawn from a
hydrologic unit, respectively. Figure 6 shows the projected 20-year demand by
municipal system and Figure 8 shows the projected long range demand by municipal
system based on zoning. Figure 7 shows the projected 20-year water demand by
hydrologic unit and Figure 9 shows the long range demand hydrologic systems. Tables
9 and 10 presents the projected long range water use within a hydrologic unit and
withdrawn from a hydrologic unir, respectively. The long range water use is determined
by calculating the total water demand at full development of all the General Plan lands
on Kauai. This is expected to occur after the year 2030 at present growth rates.

The water used in a hydrologic unit describes water actually utilized for domestic,

commercial, industrial or agricultural purposes. Water use does not directly impact
upon the sustainable yield of a hydrologic unit as the water used in a given hydrologic
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TABLE 6

Kauai Water Use and Development Plan
WATER DEMAND SUMMARY (per Municipal System)

Municipal Well Cap. Water Demand (MGD)
System (MGD) 1988 2010 Ultimate
Kekaha-Waimea 3.07 1.18 1.19 2.89
Hanapepe-Eleele 2.25 0.52 1.02 2.48
Koloa-Poipu 5.99 1.73 3.56 6.94
Kalaheo~Lawai 3.99 0.77 1.46 2.85
Lihue 6.94 2.45 5.92 8.59
Wailua-~Kapaa 8.35 2.49 3.65 5.62
Anahola 0.72 0.13 0.18 0.28
Kilauea 2.02 0.28 0.45 0.82
Hanalei~Princeville 0.36 0.88 2.41 4,36
Wainiha-Haena 0.52 0.09 0.24 0.43
TOTALS: 34.21 10.52 20.08 35.26

Note: The above figures include Princeville.



TABLE 7

Kauai Water Use and Development Plan
PROJECTED 20-YEAR WATER USE SUMMARY
Water Used in Hydrologic Unit

Hydrologic System Water Used (MGD) Sus. Yield (MGD)

Ground Surface Ground Surface
Koloa 20101 30.96 29.02 30 21.7
Hanamaulu 20102 7.55 26,08 40 34.2
Wailua 20103 1.89 43.61 60 147.4
Anahola 20104 7.56 35.91 36 30.9
Kilauea 20105 0.40 6.89 17 16.8
Kalihiwai 20201 1.27 0.11 16 30.3
Hanalei 20202 1.19 13.15 35 151.5
Wainiha 20203 0.25 62.18 24 252.4
Napali 20204 0.00 0.00 20 12.8
Kekaha 20301 20.21 52.53 12 2.8
Waimea 20302 0.23 5.78 42 43.8
Makaweli 20303 2.48 77.58 30 22.6
Hanapepe 20304 0.12 7.02 26 43 .6

Sustainable Yields are pre-development estimates and
are provided only as a general guide. The estimates
for surface water are very approximate. Further study
is indicated before more definitive conclusions can be
drawn for planning purposes.

Water used in a hydrologic unit describes where water
is actually utilized for domestic or irrigation
purposes. Water use does not directly impact the
sustainable yield of a hydrologic unit as water could
be withdrawn and transported from another hydrologic
unit.



TABLE 8

Kauai Water Use and Development Plan
PROJECTED 20-YEAR WATER USE SUMMARY
Water withdrawn from Hydrologic Unit

Hydrologic System Water Withdrawn (MGD) Sus. Yield (MGD)

Ground Surface Ground Surface
Koloa 20101 15.28 12.53 30 21.7
Hanamaulu 20102 7.55 7.22 40 34.2
Wailua 20103 1.89 60.52 60 147.4
Anahola 20104 7.56 25.63 36 30.9
Kilauea 20105 0.49 6.89 17 16.8
Kalihiwai 20201 1.46 0.11 16 30.3
Hanaleil 20202 0.93 30.61 35 151.5
Wainiha 20203 0.25 62.18 24 252.4
Napali 20204 0.00 0.00 20 12.8
Kekaha 20301 19.66 0.53 12 2.8
Waimea 20302 0.78 57.78 42 43.8
Makaweli 20303 2.48 51.58 30 22.6
Hanapepe 20304 15.80 44.28 26 43.6

Sustainable Yields are pre-development estimates and
are provided only as a general guide. The estimates
for surface water are very approximate. Further study
is indicated before more definitive conclusions can be
drawn for planning purposes.

Water withdrawn from a hydrologic unit describes the
water taken from a hydrologic unit by well pumping,
tunnels, or stream diversions for domestic or
agricultural uses.
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TABLE 9

Kauai Water Use and Development Plan
LONG RANGE WATER USE SUMMARY
Water Used in Hydrologic Unit

Hydrologic System Water Used (MGD) Sus. Yield (MGD)

Ground Surface Ground Surface
Koloa 20101 36.31 29.02 30 21.7
Hanamaulu 20102 10.27 26.08 40 34.2
Wailua 20103 2.32 43.61 60 147 .4
Anahola 20104 9.13 35.91 36 30.9
Kilauea 20105 0.71 6.89 17 16.8
Kalihiwai 20201 2.30 0.11 16 30.3
Hanalei 20202 2.14 13.15 35 151.5
Wainiha 20203 0.45 62.18 24 252.4
Napali 20204 0.00 0.00 20 12.8
Kekaha 20301 21.71 52.53 12 2.8
Waimea 20302 : 0.56 5.78 42 43.8
Makaweli 20303 2.95 77.58 30 22.6
Hanapepe 20304 0.28 7.02 26 43.6

Sustainable Yields are pre—development estimates and
are provided only as a general gulde. The estimates
for surface water are very approximate. Further study
is indicated before more definitive conclusions can be
drawn for planning purposes.

Water used in a hydrologlc unit describes where water
is actually utilized for domestic or 1rr1gatlon
purposes. Water use does not dlrectly impact the
sustainable yield of a hydrologic unit as water could
be withdrawn and transported from another hydrologic
unit.



TABLE 10

Kauai Water Use and Development Plan
LONG RANGE WATER USE SUMMARY
Water Withdrawn from Hydrologic Unit

Hydrologic System Water Withdrawn (MGD) Sus. Yield (MGD)

Ground Surface CGround Surface
Koloa 20101 20.63 12.53 30 21.7
Hanamaulu 20102 10.27 7.22 40 34.2
Wailua 20103 2.32 60.52 60 147.4
Anahola 20104 9.13 25.63 36 30.9
Kilauea 20105 0.80 6.89 17 16.8
Kalihiwai 20201 2.48 0.11 16 30.3
Hanalei 20202 1.88 30.61 35 151.5
Wainiha 20203 0.45 62.18 24 252.4
Napali 20204 0.00 0.00 20 12.8
Kekaha 20301 21.16 0.53 12 2.8
Waimea 20302 1.11 57.78 42 43.8
Makaweli 20303 2.95 51.58 30 22.6
Hanapepe 20304 15.96 44.28 26 43.6

Sustainable Yields are pre-development estimates and
are provided only as a general guide. The estimates
for surface water are very approximate. Further study
is indicated before more definitive conclusions can be
drawn for planning purposes.

Water withdrawn from a hydrologic unit describes the
water taken from a hydrologic unit by well pumping,
tunnels, or stream diversions for domestic or
agricultural uses.
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unit can be withdrawn from another hydrologic unit. Water withdrawn from a
hydrologic unit describes water taken from a hydrologic unit by well pumping, tunnels
or stream diversions for domestic or agricultural purposes. This water may be used in
another hydrologic unit.

The areas requiring the greatest amounts of water by the year 2010 are Kawaihau,
Lihue and Koloa-Poipu. Kawaihau will need 1.16 mgd additional water supply to meet
the projected population increase. Lihue, Koloa-Poipu and Kalaheo-Lawai will have
additional needs of 3.47 mgd, 1.83 mgd, and 0.69, respectively. All other areas will
need additionally about 0.5 mgd or less by the year 2010. The Hanalei-Kalihiwai area
which includes Princeville will require another 1.53 mgd.

The sustainable yield figures show that groundwater water is available in the hydrologic
units to meet the projected water demand beyond the year 2010, except for Kekaha.
While the hydrologic units have the available sustainable yield to meet the projected
demands, the DOW must develop the wells to extract the water from the ground for
use. Potential sources have been identified by the present Water Master Plan and
additional sources have been identified since then. Additional well testing and
exploration will be required to meet the projected 2010 and long range demands.
Alternative sources, including the expansion of surface water treatment facilities, will
also have to be studied for the long range planning.

The Kekaha hydrologic unit is already importing potable water from the Waimea
hydrologic unit to the Kekaha unit. The Lihue area or Hanamaulu Hydrologic unit can
now import water from the Wailua-Kapaa or the Wailua hydrologic unit and portions
of the Anahola hydrologic unit. This will be required to meet projected peak flow
demands but there is adequate capacity to meet the average daily demands within the
hydrologic unit. The Koloa-Poipu water system should be connected to the Lawai-
Kalaheo system to increase the reliability of both systems.

The areal imbalances created by the importation of surface water for irrigation from one
hydrologic unit to another is expected to persist as it exists today. Plans to convert
some cane fields to residential or other urban activities will reduce irrigation
requirements, reducing some of the areal imbalances. The conversion will also reduce
groundwater requirements for irrigation as in the Koloa-Poipu and Kalaheo-Lawai areas.
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PLAN IMPLEMENTATION

This section describes proposed water developments to be undertaken by government
agencies and the private sector. In the County of Kauai, the coordination of public
facilities with land use has been implemented through the General Plan process.

Table 11 lists by hydrologic unit the DOW source development and storage projects that
will be required to meet the water demand for the next 20 years. Figure 10 shows the
location of these proposed improvements. Proposed projects over the next 20-year
timeframe will involve the expenditure of $94,000,000 in capital improvements for
source production, storage, transmission and support facilities. Cost estimates are
developed from the Oahu Board of Water Supply 6 - Year Capital Improvement Program
cost estimates for well development and reservoir construction. Actual costs may vary
from these estimates as more details on the proposed water source and storage
developments are prepared.

The sugar plantations have adequate water supply for their irrigation requirements and
have no plans or need for additional water development projects. Two State
agricultural parks are expected to increase the groundwater demands by 4.8 mgd.

The primary development in the private sector will be the upgrade to the Princeville
Water System. A new well and reservoir are planned to support their Phase 2
developments.

No new water sources are expected to be developed by any of the military installations.

State water development projects identified by the State Project Plan are listed in the
appendix of the main report. The projects include Agricultural park irrigation systems
and housing projects. The total water demand for these projects is estimated to be 8.9
mgd, of which 4.8 mgd in describe above. The remainder of the projected water
demand for State Projects will be met by the municipal system.

The use of non-potable water for agricultural and industrial purposes could one day
enhance the potable water supplies for municipal use. Results of the recent test project
at the Honouliuli Waste Water Treatment Plant (WWTP) in Ewa (Oahu) support the
potential benefits of waste water effluent reuse. The high salinity water can also be
transformed by desalting plants to create potable supplies. The Department of Water
can implement extensive water conservation programs similar to the programs on Oahu.
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TABLE 11

Kauai Water Use and Development Plan
PROPOSED WATER DEVELOPMENTS FOR KAUAI

DOW DEVELOPMENTS

Kekaha-Waimea

Hanapepe-Eleele

Kalaheo-Lawai

Koloa-Poipu

Lihue

Wailua-Kapaa

Kilauea

Hanalei

Princeville

TOTAL

System

301

302

304

101

101

102

104

105

202

201

Type of
Improvement

1
2

1200

|

=

Unit prices developed from Oahu

Wells
Reservoir

Exploratory
Wells

Well
Reservoir
Lineal Feet
of Pipe

Well
Reservoir

Well

Well
Reservoir
Lineal Feet
of Pipe

Wells

Well
Reservoir
Lineal Feet
of Pipe

Well

Well

Well
Reservoir
Lineal Feet
of Pipe

Well
Reservoir

Well

Well
Reservoir

BWS C.I.P.

Capacity
600 gpm
1 mg

n.a.

700 gpn
1 mg
12 1in

700 gpm
1 mg

800 gpm
1200 gpm

12 1in

200 gpm
700 gpm
1 mg
12 in

1000 gpm
700 gpm
600 gpm

12 1in
700 gpm
0.5 mg
250 gpm

1500 gpm
1.5 mg

Cost

$2,242,080
$3,376,000

$360,000

$2,615,760
$3,376,000
$975,000

$2,615,760
$5,064,000

$5,978,880
$4,484,160
$11,816,000
$945,000

$2,242,080
$5,231,520
$8,440,000
$1,387,500

$3,736,800
$7,847,280
$4,484,160
$11,816,000

$900, 000

$2,615,760
$844,000
$934,200

n.a.
n.a.

$94,327,940
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ORDINANCE NO. 568 BILL NO. 1321, Draft 1

A BILL FOR AN ORDINANCE AMENDING
TITLE IV OF THE KAUAI COUNTY CODE 1987
TO ADOPT A WATER USE AND

DEVELOPMENT PLAN FOR THE COUNTY OF KAUAI

BE IT ORDAINED BY THE COUNCIL OF THE COUNTY OF KAUAI, STATE
OF HAWAII:

SECTION 1. Title IV of the Kauai County Code 1987 is
hereby amended by adding a new chapter to be designated and to read
as follows:

"CHAPTER 11B
'WATER USE AND DEVELOPMENT PLAN

Article 1. General Provisions
Sec. 11B-1.1 Purpose
Sec. 11B-1.2 Definitions
Sec. 11B-1.3 Consistency Requirements
Article 2. Water Use and Development Plan
Sec. 11B-2.1 Contents Of Water Use And Development Plan
Sec. 11B-2.2 Water Use And Development Plan Preparation
Sec. 11B-2.3 Adoption Of Plan
Sec. 11B-2.4 Application Of The Water Use And Development
Plan.
Sec. 11B-2.5 Amendment To Plan
Sec. 11B-2.6 Severability

ARTICLE 1. GENERAL PROVISIONS

.Sec. 11B-1.1 ‘Purpose.

- The state water code (HRS Chapter 174C) mandates the
preparation and adoption of a water use and development plan by
each county as part of the Hawaii water plan.

Sec. 11B-1.2 Definitions.
As used in this chapter, unless the context otherwise
requires:

"Board" means the board of water supply for the county
of Kauai.

"Commission" means the commission on water resource
management.

"Community plans or community development plans" means
those plans adopted by ordinance under Chapter 10, Kauai
County Code 1987.

"Department of Water" means the Department of Water for
the County 0of Kauai.

"Domestic use" means any use of water for individual
personal needs and for household purposes such as drinking,
bathing, heating, cooking, noncommercial gardening, and
sanitation.

"General plan" means the General Plan adopted by Chapter
.7, Kauai County Code 1987, setting -forth "policies to govern
the future physical development of the County."

"Ground water" means any water found beneath the surface
of the earth, whether or not in perched, dike-confined, or
basal supply; in underground channels or streams; in standing,
percolating, or flowing condition; or under artesian pressure.
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"Hawaii water plan" means the integrated program of the
commission for the protection, conservation, and management
of the waters of the state, with such amendments, supplements,
and additions as may be necessary, mandated by the state water
code (HRS Chapter 174C).

"Hydrologic unit" means a surface drainage area or a
ground water basin or a combination of the two as described
in the Hawaii water plan, which shall be determined using the
best available information.

"Municipal use" means the domestic, industrial, and
commercial use of water through public services available to
persons of a county for the promotion and protection of their
health, comfort, and safety, for the protection of property
from fire, and for the purposes listed under the term
"domestic use."

"Person'" means any individual, firm, association,
organization, partnership, estate, trust, corporation,
-company, or any governmental unit.

"Reasonable-beneficial use" means the use of water in
such quantity as 1is necessary for economic and efficient
utilization, for a purpose, and in a manner which is not
wasteful and is both reasonable and consistent with the state
and county land use plans and the public interest.

"Surface water"” means both contained surface water (that
is, water upon the surface of the earth in bounds created
naturally or artificially including, but not 1limited to,
streams, other watercourses, lakes, and reservoirs) and
diffused surface water (that is, water occurring upon the
surface of the ground other than in contained waterbodies).
Water from natural springs is surface water when it exits from
the spring onto the earth's surface.

"Sustainable yield" means the maximum rate at which water
may be withdrawn from a water source without impairing the
utility or gquality of the water source as determined by the
commission.

"Water" or "waters of the state" means any and all water
on or beneath the surface of the ground, including natural or
artificial watercourses, lakes, ponds, or diffused surface
water and water percolating, standing, or flowing beneath the
surface of the ground.

"Water source" means a place within or from which water
is or may be developed, including but not limited to:
(1) generally, an area such as a watershed defined by
topographic boundaries, or a definitive ground water body; and
(2) specifically, a particular stream, other surface water
‘body, spring, tunnel, or well related combination thereof.

Sec. 11B-1.3 Consistency Requirements.

The water use and development plan shall be consistent with
(1) the water resource protection and water quality plans of the
Hawaii water plan; (2) county land use plans and policies including
general plans, community plans and zoning; and (3) state land use
classification and policies.

ARTICLE 2. WATER USE AND DEVELOPMENT PLAN

Sec. 11B.2.1  Contents Of Water Use And Development Plan.

The county water use and development plan shall include, but
not ‘be limited to: (1) Status of county water and related land
development including an inventory of existing water uses for
domestic, municipal, and industrial users, agriculture,
aguaculture, hydropower development, drainage, reuse, reclamation,
recharge, and resulting problems and constraints; (2) Future land
uses and related water needs; and (3) regional plans for water
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developments including recommended and alternative plans, costs,
adequacy of plans, and relationship to the water resource
protection plan and water quality plan.

Sec. 11B-2.2 Water Use And Development Plan Preparation.

" The department of water shall be responsible for the
preparation and maintenance of the Kauai county water use and
development plan.

Sec. 11B-2.3 Adoption Of The Water Use And Development Plan.

The "Kauai Water Use and Development Plan" and "Executive
Summary" dated February 1990, is incorporated herein by reference,
and is hereby adopted."

Sec. 11B-2.4 Application Of The Water Use And Development Plan.

The water useé and development plan shall serve as a guideline
by agencies or departments of the county (a) in approving or
recommending to other agencies the use or commitment of the
county's municipal, public water resources, and (b) in using public
funds to develop water resources to meet existing or projected
future demands on the public water system as set forth in the water
use and development plan.

Sec. 11B-2.5 Amendment.

The Board of Water and the Department of Water shall have the
authority to amend the water use and development plan to reflect
changes in hydrologic or other scientific information and land use.
Amendments for any other reason shall be by ordinance.

Sec. 11B-2.6  Severability.

The invalidity of any word, section, clause, paragraph,
sentence, part or provision of this chapter shall not affect the
validity of any other part of this chapter which cannot be given
effect without such invalid part of parts.”

SECTION 2. This ordinance shall take effect upon its
approval.

INTRODUCED BY:

JAMES TEHADA
(By Request)

Date of Introduction:
April 11, 1990

Lihue, Kauai, Hawaii
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SECTION 1

INTRODUCTION

1.1  PURPOSE

In 1978, the State of Hawaii Constitution was amended to mandate that "the State has
an obligation to protect, control, and regulate the use of Hawaii’s water resources for
the benefit of its people.” Nine years later, the State Water Code was enacted by the
Legislature as Act 45, Session Laws of Hawaii 1987. The Commission on Water
Resource Management through the State Water Code is empowered to set forth overall
water conservation, quality and use policies; define beneficial and reasonable uses;
protect ground and surface water resources, watersheds and natural stream
environments; and establish criteria for water use policies and procedures for regulating
all users of Hawaii’s water resources.

One of the primary policies of the State Water Code is the need for a program of
comprehensive water resources planning to address the problems of supply and
conservation of water. The Hawaii Water Plan is intended to fulfill this comprehensive
planning requirement through four component parts: a water resource protection plan,
water use and development plans for each County, a water projects plan, and a water
quality plan. As one of the component plans, the Kauai Water Use and Development
Plan is intended to set forth the water use and development planning considerations for
the County of Kauai.

1.2 SCOPE

As required by the State Water Code, the County Water Use and Development Plans are
to include:

(1)  Status of water and related land development including an inventory of
existing water uses for domestic, municipal, and industrial uses,
agriculture, aquaculture, hydropower development, drainage, reuse,
reclamation, recharge, and resulting problems and constraints;

(2)  Future land uses and related water needs; and

(3)  Regional plans for water developments including recommended and
alternative plans, costs, adequacy of plans, and relationship to water
resource protection and quality plan.

The State Water Code (Chapter 174C, Hawaii Revised Statutes) further requires that
the Water Use and Development Plan be adopted by ordinance and set forth the
allocation of water to land use within the County of Kauai. The Plan is to be consistent
with the State Water Resource Protection and Quality Plan, State land use classification
and policies, and County land use plans and policies. Finally, the Plan is to be updated
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and modified as necessary by the County of Kauai in order to maintain consistency with
land use policies and zoning.

Project updates were prepared as part of the first phase of the Kauai Water Use and
Development Plan. The updates described the background and setting for the water use
planning considerations in the County of Kauai. The report described in detail the
nature and extent of Kauai's water supply, and existing water uses and water
developments on Kauai, including municipal, plantation agriculture, military, private
domestic, individual household, small irrigation, native Hawaiian auwai and others.

The second phase in the preparation of the Kauai Water Use and Development Plan
included an estimate of future water demands compared with the available supply of
water on Kauai. The projected demand for water was examined based upon County
and State land use policies. Programs which would provide for optimal use of the
available supply have been explored, primarily the provision of additional potable water
through source development. Desalinization, greater use of non-potable water sources,
redistribution of the available supply, improved conservation efforts, and other
alternatives for meeting the anticipated water demand were looked at in lesser detail.

The first and second phase efforts have been compiled into this document containing
the basic research and analysis supporting the Kauai Water Use and Development Plan.
The third and final phase consists of the preparation of a draft ordinance which shall
be adopted by the County Council. The ordinance will be supported by a summary of
the research and analysis of this document.

This document and proposed Water Use and Development Plan ordinance will be made
available for public and agency review in conjunction with public meetings and hearings
as may be required for final adoption by the Kauai County Council.



SECTION 2

PLANNING

2.1 SETTING

The County of Kauai has a land area of 353.900 acres, the fourth largest island in the
Hawaiian chain. The Island of Kauai comprises less than 10 percent of the land area
of the State of Hawaii. Kauai had an estimated resident population of 47,600 in 1987.

2.2 CLIMATE

The climate of Kauai, which is mild and equitable throughout the year, is due to the
island’s location on the northern fringe of the tropics within the belt of cooling
northeasterly trade winds. Humidity of the area is generally within the 60 to 80 percent
range. The average lemperature in the lowlands is 75°F, decreasing 4°F with each
1,000 feet increase in elevation.

The coldest month, January, averages 72°F and the warmest, August, 78.5°F.
Maximum temperatures rarely exceed 90°F, and minimum temperatures hover around
50°F.

Annual average rainfall on Kauai ranges from less than 20 inches on the leeward coast
to over 400 inches near Mount Waialeale. The mountains intercept prevailing trade
winds, the moisture carried by these winds is lifted, cooled, and thereby condensed into
rain. Rainfall is heaviest on Mt. Waialeale and decreases in the lower elevations and
to the leeward side of the island.

Trade winds prevail throughout the year, but are least continuous from October through
April, Hawaii’s winter season. During these months, tropical storms occasionally bring
heavy rains.

2.3 GEOLOGY

The islands of the Hawaiian archipelago are emerged volcanoes on a great submarine
ridge that extends northwesterly and southeasterly for 1,600 miles in the central Pacific
Ocean. This ridge, rising from ocean depths of 20,000 feet, was formed from immense
quantities of lava, flow upon flow, spewing forth from various points and fissures along
a major fracture zone.

The sequential formation of the archipelago is indicated by the occurrence of submerged
older islands in the northwest portion of the chain and by he youngest island at its
southeast end, where volcanic activity continues. Eight of the islands are of sufficient
elevation to intercept trade wind moisture and large enough to permit settlement.
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The Island of Kauai consists essentially of a single dome. Lava flows dip outward in all
directions from the principal volcanic center near Mount Waialeale. The dome is slightly
elongated in a northeast-southwest direction, and a slight buige was produced on the
southeastern slope of the dome by another eruptive center of Haupu. The smooth
profile of the dome was another marred by the depression of the summit caldera; the
smaller Haupu caldera (the Makaweli depression) and a nearly circular basin, the Lihue
depression, on the east side. Within the main caldera, eruptions built a smaller
constructional dome, similar to the major dome but with much gentler slopes.

2.4 HYDROLOGY

Hawaii’s water resources vary greatly between islands as well as within each island.
There are perennial streams and flash streams, rain forests and cactus deserts. There
are groundwater tunnels high in the mountains and low near sea level.

A continuous cycle of water can be easily traced on small oceanic islands like Hawaii.
The pattern of the cycle will vary at different times and places according to variations
in geology, landform, soils, and rainfall. The cycle is also modified by human activities,
such as diverting mountain stream water for irrigation, pumping groundwater, changing
infiltration by resurfacing the land, altering evapotranspiration and runoff patterns by
agricultural and urban development, and disposing of sewage effluent into the ocean.
The volcanic rock and their residual soils have a very great capacity to absorb and
percolate water, and consequently, only a relatively small proportion of the rainfall runs
over the surface to the sea. Much of it infiltrates into the ground, creating the large
groundwater bodies on which Kauai depends for its potable water supply.

There are several types of general groundwater bodies on Kauai (see Figures 1 and 1a).
The most extensive is the "basal freshwater lens" that floats on sea water under much
of the island. Caprock sources are also found. Less widespread, but of singular
importance in some areas, is groundwater restrained between impermeable vertical rock
structures called "dikes." The third type of minor significance is groundwater held up,
or "perched," on horizontal impermeable beds such as volcanic ash (see Figure 1).

Of lesser importance to Kauai’s drinking water resources, but very significant to
agricultural pursuits, is streamflow from perennial and intermittent streams.
Precipitation and evapotranspiration are also important considerations in understanding
the hydrologic cycle and its influence on Kauai's water supply.

2.4.1 Basal Water

The basal water bodies exist because of the difference in density between fresh water
and sea water. Fresh water floats on the heavier sea water, both of which permeate the
subsurface rock. This relationship is known as the Ghyben-Herzberg principle. The
density ratio between fresh water and salt water is such that, theoretically, for each fo«
that the freshwater lens stands above sea level, the lens extends 40 feet below sea leve!
to a midpoint where salinity is half sea water. A zone of mixture or transition zone
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exists where the water becomes fresher at the top of the zone and sea water at the
bottom. For example, if the freshwater head was found to be 20 feet above sea level,
it can be reasonably estimated that the depth to the midpoint of the transition zone
would be approximately 800 feet below sea level.

The complexity of the geology of Kauai and the wide range in the permeability of the
lava flows are not favorable for the formation of large, well developed Ghyben-Herzberg
lenses, such as those in the Islands of Oahu and Maui. In much of Kauai, the rocks
above and below sea level are thick bedded, massive, dense, and of generally low
permeability. In these rocks such as the Koloa Basalts, the fresh water may not occur
as buoyant systems that are characteristic of well developed Ghyben-Herzberg lenses in
rock of higher permeability. In some areas of higher permeability, the aquifers are cut
by dikes or other structures that limit the extent of the freshwater lenses. In other
areas, where the extent of permeable rock is large, the recharge of fresh water
apparently is too small to maintain well developed lenses of fresh water.

2.4.2 Caprock Water

In some coastal areas there is a relatively impermeable sediment sequence commonly
called "caprock.” This caprock barrier tends to restrict the seaward flow of freshwater
and causes the thickness of the freshwater lens to be greater than it would if the
caprock was absent. Depending upon the effectiveness of the caprock, the resulting lens
could range from minor local thickening of a few feet to a relatively thick lens of several
hundred feet. Caprock water is derived from local rainfall, return irrigation water and
leakage of basal water bodies.

2.4.3 Dike Water

Water impounded in lava flows behind impermeable dikes is called "dike water," or
"high-level water." Dikes are formed when molten magma intrudes and solidifies in
conduits within the volcano’s rift zone. These conduits may feed eruptions on the
surface or may stay beneath the surface. Typically, they consist of nearly vertical slabs
of dense, massive rock, a few feet thick, that cut across existing older lava flows. High
level water impounded in permeable lavas occurring between dikes in the interior
portions of Kauai is of excellent quality. Water leaking through the dikes or overflowing
the top of the dikes flows into the basal lens. In many cases, dike-impounded water
discharges at the ground surface where stream or wave erosion has breached dike
compartments.

2.4.4 Perched Water

This type of water is "perched" on top of layers of impermeable material such as dense
volcanic rock, beds of weathered and solidified ash, or clay-bearing sediments.
Discharge of perched water sometimes occurs as springs where the perching member has
been breached by erosion especially on the valley walls. Perched water occurs more
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extensively in the lava flows under the lava slopes of the island, although the saturated
zones are thin or the lavas have low permeability. Perched water supplies can be
developed by tunnels or by constructing masonry chambers around spring orifices to
collect flow and to prevent surface contamination. This type of water is of excellent
quality.

2.4.5 Brackish Water

Water occurring in the caprock, the basal water transition zone, and basal springs
comprise a large resource that is presently unused for municipal supplies due to
excessive mineral content. Chlorides range from just above recommended drinking
water limits to that of sea water.

Where fresh and salt water merges, a brackish zone of mixture forms. The movement
of this transition zone, both horizontally inland from the seacoast and vertically upward,
present a constant potential danger of saline contamination to there fresh water portion
of the system. Skillful methods are absolutely necessary in developing the buoyant fresh
water.

Utilization of brackish water sources for municipal supplies requires reduction of
chlorides by blending and/or demineralization. Water containing more than 250 ppm
of chloride ion is considered undesirable for drinking.

2.4.6 Streamflow

Perennial streams flow to the sea in all parts of Kauai, except in the area west of the
Waimea Canyon. The major streams are large and have relatively uniform flow in
comparison with those of other islands of Hawaii. All the large streams begin in the
rainy uplands, especially Mt. Waialeale, and in at least their upper reaches, flow in deep,
steep-walled valleys. The low flow of the streams is maintained by direct runoff from
persistent rainfall in the mountains and by the discharge of water from high level
springs and seeps. Water in the streams is extensively developed for sugarcane
irrigation and is transported long distances through complex ditch and tunnel systems
to the irrigate field.

2.4.7 Precipitation

The rainfall pattern on Kauai is characterized by a single maximum, Waialeale, near the
island’s highest point, Kawaikini, at 5,243-foot elevation, and a minimum, Kekaha, along
the western coast of the island. The rain gage at Mt. Waialeale receives more rainfall
than any other gage in the world. With an annual median of 449 inches, it is one of
the wettest locations on earth. A mere 15.5 miles southwest of Waialeale, the Kekaha
annual minimum is less than 19.7 inches.

The annual rainfall cycle differs from place to place in Hawaii, but certain features are
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common to areas with similar exposures. The ancient Hawaiians recognized two
seasons, the high sun period corresponding to warm temperatures and steady trade
winds; and the cooler period when trade winds are less frequent and widespread storm
rainfall is more common. Climatologists today are in general agreement with the
Hawaiian system, although a 5-month summer and 7-month winter are generally used.

2.4.8 Evapotranspiration

Evapotranspiration is the loss of water from the surface and near surface zones, both
by direct evaporation and by plant usage or transpiration. It represents the portion of
the precipitation that is not available for infiltration or surface runoff.
Evapotranspiration is primarily influenced by such factors as temperature, humidity,
rainfall, and winds. In Hawaii, evapotranspiration varies widely both in time and space,
although annual variations at any one place tend to be small. Maximum
evapotranspiration occurs generally in the dry summer months. In areas of heavy
rainfall, evapotranspiration losses may be only a small percentage of total precipitation;
however, in areas with low rainfall, all or most of the rainfall may be lost to
evapotranspiration.

2.5 HYDROLOGIC UNITS AND WATER AVAILABILITY

A program was initiated to classify and assign codes to the principal aquifers to each
island in the State of Hawaii. The product is a single consistent scheme of classification
and nomenclature that will serve as a framework for groundwater protection strategy.
The effort was initiated several years ago by the Department of Health in response to
U.S. Environmental Protection Agency directives and is being carried out by the Water
Resources Research Center of the University of Hawaii for the Department of Health.
George Yuen and Associates, Inc., is preparing the State Water Resources Protection
Plan for the Department of Land and Natural Resources which utilizes this information.

The classification scheme starts with the Island as the largest component in the
hierarchy, followed by Aquifer Sectors and Aquifer Systems. Aquifer Types and Aquifer
Units will also be identified. Aquifer sectors reflect broad hydrogeological similarities yet
maintain traditional hydrographic, topographic and historical boundaries where possible.
Aquifer Systems are more specifically defined by hydrogeologic continuity, in particular
hydraulic connections among Aquifer Types and Units. Aquifer Types are differentiated
by distinctive features of hydrology and geology. Aquifer type coding is not yet
available for Kauai. The Aquifer System is the logical category for computing water
budgets and deriving sustainable yield.

The hierarchy is as follows:
1. Island: The largest component.
2. Sector: An area with broad hydrogeological similarities. The Island of

Kauai is divided into three sectors as denoted by the heavy lines in Figure
2.
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3. System: An area within a Sector showing hydrogeological continuity.
The systems are the hydrologic units used for the reporting water use
and withdrawals in this report. The dashed lines in Figure 2 delineates
the systems within the three sectors.

4. Type: Portions of a System of a distinct hydrogeological type (high level
groundwater, etc.).

Islands are coded by number in according to the U.S. Geological Survey (1975)
protocol. Island numbers are 1 (Nithau), 2 (Kauai), 3 (Oahu), 4 (Molokai), 5 (Lanai),
6 (Maui), 7 (Kahoolawe), and 8 (Hawaii). Each Aquifer Sector and System is coded
with a two-digit number. Sectors and Systems are also assigned geographic names.
Hawaiian place names are preferred; but for some Sectors the general locators North,
South, East, and West or a traditional geographic term such as Windward, are required
for clarity. All Systems have Hawaiian names. Aquifer Types are coded with a three-
digit number which describe fundamental hydrology and geology.

2.5.1 Hydrology

Following is a table of the Aquifer Codes for the Island of Kauai along with Sector and
Aquifer System names. Kauai includes 3 Sectors and 13 Aquifer Systems. (see Figure
2).

Sector System Aquifer Code
Lihue 01 Koloa 01 20101
Hanamaulu 02 20102
Wailua 03 20103
Anahola 04 20104
Kilauea 05 20105
Halelea 02 Kalihiwai 01 - 20201
Hanalei 02 20202
Wainiha 03 20203
Napali 04 20204
Waimea 03 Kekaha 01 20301
Waimea 02 20302
Makaweli 03 20303
Hanapepe 04 20304

2.6 POPULATION ANALYSIS

The County of Kauai has a growing economy based on the sugar industry and tourism.
Ptovisional estimates for 1987 indicate a State of Hawaii resident population of
1,082,500 of which 47,400 or approximately 4 percent are in the County of Kauai. This
estimate includes members of the armed forces stationed in or homeported in Hawaii
and residents temporarily absent, and excludes visitors present.
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Total resident population for the County of Kauai has increased approximately 7.1
percent from 1960 to 1970; 31.3 percent from 1970 to 1980; and 16.8 percent from
1980 to 1987.

According to the County of Kauai’s Office of Economic Development, 1987 resident
population figures for the five district areas on Kauai were: Waimea District - 8,907;
Koloa District - 11,056; Lihue District - 9,726; Kawaihau District -13,002; Hanalei
District - 4,709.

According to the Office of Economic Development, the 1986 ethnic makeup of the
County of Kauai was as follows:

Caucasian 294
Japanese 23.2
Filipino 26.4
Hawaiian and part Hawaiian 15.2
Chinese 1.2
Other 4.6

According to the U.S. Bureau of Census, the County of Kauai had a 1985 estimate of
14,300 households with an average persons per household of 3.14. This represents a
19.0 percent increase over the 1980 census figure of 12,020 households with an
average persons per household of 3.22.

The civilian labor force for the County of Kauai in 1987 was estimated at 25,000, and

civilian employment was 23,900. an estimated 1,100 or 4.4 percent of the labor force
was unemployed.

2.7 ECONOMIC ANALYSIS

The major economic forces in the County of Kauai, as well as for the State of Hawaii,
are tourism, construction, the military, agriculture, and manufacturing. A brief analysis
describing each industry is given below.

2.7.1 Tourism

Tourism, as in the past, is Hawaii’s leading economic force. Two million east bound
visitors, mostly Japanese, came to Hawaii last year, a 17 percent increase over 1987.
Of the Japanese who came to Hawaii in 1987, over 17 percent or approximately
275,000, spent their vacations on Kauai. The total east bound visitor count, through
the first quarter of 1989, is up by 14 percent over last year. In spite of some
cancellations among older Japanese travellers, a strong surge in younger Japanese
travellers continues to boost the overall number of Japanese coming to Hawaii.

The Kauai west bound market was the only one to experience an increase in 1987 with
over one million west bound visitors coming to Kauai, almost two percent more than
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in 1986. This marks the fourth consecutive year of increase in Kauai’s major visitor
market.

Average daily visitor census in 1987 was 143,270 for the State of Hawaii, of which
15,510 or approximately 11 percent were in the County of Kauai. To accommodate
these visitors, Kauai had an inventory in 1987 of 7,180 hotel and condominium units.
Kauai’s occupancy rate during 1988 was 74 percent, below the average for the State.
The total preliminary estimated expenditures by visitors to Hawaii in 1987 was 6.6
billion dollars, of which $580 million or approximately 9 percent was spent on the
County of Kauai.

2.7.2 Construction

Construction is now the second largest industry in terms of dollar valuations. In 1987,
building permit valuations totalled $109 million, up by about 8 million from the year
1986. Following a sharp decline in 1985, the local construction industry entered into
a growth phase which has continued through 1987. In 1987, single family construction
valuations as well as additions and alterations valuations totalled more than $80 million
dollars.

2.7.3 Military

The military is a small economic sector in the County of Kauai. As of 1987, there were
45,396 military personnel in the State with 129 stationed on Kauai. The military also
generates 95 civilian jobs on Kauai. As of the third quarter of 1988, direct contributions
to the State economy by the military came to $1.5 billion, excluding naval contract
purchases from local businesses. A majority of these funds were spent on Oahu, making
the military a small contributor to Kauai’s economy.

2.7.4 Agriculture

In 1987, three of the island’s sugar companies enjoyed moderate success, the remaining
two sustained losses. Aggregate production figures were down to 229,088 tons in 1987
as compared with 241,00 tons in 1986. Poor weather conditions among other factors
contributed to the decline. Lihue Plantation, traditionally the largest producer sustained
the greatest loss in 1987.

Even while the sugar companies continue efforts to improve operations, they look to
diversify its agricultural operations, to include other commodities. McBryde, Kekaha
and Lihue Plantations have made in roads in this area, looking into such crops as coffee,
tea, cocoa and foliage. McBryde has moved fastest in diversification efforts with its
plantings of macadamia nut trees. The first harvest was supposedly started in 1987 on
a 17-acre plot that was planted in 1984.

In the past five years, diversified agriculture has demonstrated positive advances in the
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local economy. While not all commodities succeeded during this period most have.
Particularly hard hit has been the papaya industry. With less than 10 farmers in the
Moloaa Farmers Cooperative, papaya production dropped to less than 2 million pounds
in 1987. Also hurt was the banana industry, with about 1.5 million pounds of
production. With better varieties now coming on line, the William Hybrid variety is
finding a difficult go of it especially in the Honolulu markets.

However, even with these setbacks the value of livestock and crop sales for Kauai in
1986 totalled $11.7 million. We estimate that the figure for 1978 was even higher.
Leading the way has been the guava industry on Kauai. Over 10 million pounds were
harvested in 1987.

With an additional 150 acres of orchard planted, Kilauea Agronomics can expect to
almost double its production by 1990. Because of the expansion of the guava industry,
the value of processed fruits grown on Kauai has increased more than four fold since
1980. Further increases are anticipated. The island has not yet maximized its potential
in growing of fruits. With the growth of papayas, and other tropical fruits such as
mangos, lychees and with growing of exotic fruits, the dream of Kauai as a fruit basket
can be fulfilled. Another area fulfilling its potential is the flower and nursery products
industry. The value of foliage and flowers has more

than doubled since 1983.

2.8 LAND USE

The three major determinants of land use in the County of Kauai are the State Land Use
District Classifications, the County General Plan and the County of Kauai’s Land Use
Ordinance (zoning codes). The County of Kauai is divided into five districts: Waimea-
Kekaha, Koloa, Lihue, Kawaihau and Hanalei.

2.8.1 State of Hawaii Land Use District Classification

The State of Hawaii Land Use District includes four classifications: "U" Urban, "A"
Agricultural,"C" Conservation and "R" Rural. Urban districts are characterized by "city-
like" concentrations of people, structures, streets, urban level of services and other
related land uses. Agricultural districts include lands with a high capacity for
agricultural production. Conservation districts preserve and protect lands for
watersheds and environmental resources, for public safety as with flood zones, for parks
and recreation, and for scenic views. Rural districts are characterized by lower density
uses than the urban land use districts.

The State Land Use for the Island of Kauai includes; 12,391 acres or 4 percent of the
land in Urban Land Use District, 141,544 acres or 45 percent of the land in Agricultural
Land Use District, and 198,732 acres or 56 percent of the land in Conservation Land
Use District and 1,233 acres or less than half a percent in Rural Land Use District.
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2.8.2 County of Kauai General Plan Designations

The County shares responsibility with the State Land Use Commission for regulating
uses within areas designated Rural and Agriculture by the State. Within the State
Conservation Districts, the State Land Use Board has sole zoning jurisdiction and
authority. Within areas designated for Urban or Rural uses, the County has full zoning
responsibility.

The County’s land use regulation system is headed by the General Plan which currently
designates specific types of uses for all parcels. The types of uses, called General Plan
Land Use Designations, distinguish between specific urban uses such as commercial,
industrial, multi-family residential and single-family residential, and non-urban uses such
as agriculture and open. To implement General Plan Land Use Designations, zoning is
required.

The estimated acreage of the basic land use units for the General Plan are:

PF Public Facilities 3,800 acres
R Resort 2,860 acres
UMU Urban Mixed Use 3,360 acres
UR  Urban Residential 7,520 acres
RR Rural Residential 2,100 acres

Note: The other areas are in agricultural, conservation and open designated areas.

2.8.3 County of Kauai Comprehensive Zoning Ordinance

The purpose of the County of Kauai CZO is to regulate land use to encourage orderly
development in accordance with adopted land use policies, including the Kauai General
Plan and Development Plans.

The CZO provides development and design standards for the location, height and size
of structures, yard areas, off-street parking facilities, and open spaces, and the use of
structures and open spaces, and the use of structures and land for agriculture, industry,
business, residences or other purposes. Table 1 shows the acreage for the basic zoning
districts by planning area. A more detailed acreage breakdown is provided in the
Appendix.

2.9 COUNTY GENERAL PLAN AND LAND USE POLICIES

The Kauai County Charter was adopted in 1967. The Charter required the adoption by
ordinance of a General Plan setting forth policies to govern the physical development
of the County. The plan was to "serve as a guide to all future council action regarding
land use and development regulations, urban renewal programs and expenditures for
capital improvements." An amendment to the County Charter in 1976 required that the
General Plan be adopted by ordinance and established as ordinance.
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The County of Kauai formulated and adopted a General Plan in 1971. This plan
provided needed guidance to the County which desired to grow and prosper with the
rest of the counties in the State. Since then, there have been relatively minor
amendments to the land use policies of the General Plan.

In 1981, the County initiated a General Plan Update to review, evaluate, and make
changes as necessary and desirable to the current General Plan.

The goals of the General Plan was modified slightly as follows:

To maintain the concept of Kauai as "The Garden Isle"; thus, insisting any
growth be in consonance with the unique landscape and environmental character
of the island.

To insure that all physical growth is consistent with the overall ecology of the
island.

To manage growth according to established population growth targets.

To create opportunities for a greater fulfillment of life through the development
of a broad spectrum of educational and cultural pursuits.

To promote and protect the health, safety an welfare of all residents and visitors.

To provide opportunities for suitable living quarters for all residents in all
income levels.

To provide for a maximum variety of outdoor recreational activities.
To recognize those aspects of the island and its people which are historically and
culturally significant, and to maintain and enhance such aspects as a continuing

expression of the island’s physical and social structure.

To promote the improvement and expansion of the island’s economy, by
recognizing and carefully utilizing land and water resources.

To guide and control development to take full advantage of the island’s form,
beauty and climate and preserve the opportunity for an improved quality of life.

To guide physical growth so that island and visitor communities will develop in
social and economic concert with each other.

To manage implementation through development of social and physical
infrastructure based on growth targets, priorities and efficient utilization of
facilities and services.

To provide workable planning tools to meet the changing needs of the
community.
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- To create, develop and sustain an economy and a population composition that
will encourage the youth of Kauai to live in the County and contribute to society.

- To encourage and support efforts to approach self sufficiency in food production
and energy.

2.10 FUTURE PROJECTIONS

2.10.1 Population Projections

The State Department of Business and Economic Development (DBED) in November
1988 issued its newly revised economic and population projections for Hawaii
designated series "M-K." This series covers the period from 1985 to 2010 and
constitutes the official population and economic projections for the State of Hawaii.

The M-K projections anticipate that the resident population of the County of Kauai will
rise 86 percent from 45,400 in 1985 to 86,900 in 2010. Kauai will account for 6
percent of the total State resident population of 1,435,500 in 2010, up from 4 percent
of the 1985 State total of 1,051,500.

The de facto population of the County of Kauai which includes visitors, is expected to
increase 121 percent from 56,200 in 1985 to approximately 124,500 in 2010. Kauai
will contribute 7 percent of the State’s total de facto population in 2010, up from 5
percent in 1985. Table 2 shows the projected increase in population from 1990 to
2010 and the areal distribution of the population in 2010, based upon zoning.

2.10.2 Economic Projections

The two major economic forces in the County of Kauai, as well as in the State of
Hawaii, will continue to be tourism, and agriculture, primarily sugar exports. A brief
analysis of projections for each industry is given below.

Tourism. Tourism, as in the past, will continue to be a leading economic force in
Hawaii. In 1987, the average daily visitor count was 15,500 for the Island of Kauai.
The projections for this figure is expected to increase by almost 97 percent State-wide
in 2010. The primary resort area on Kauai will continue to be the Koloa-Poipu area.

Agriculture. According to the DBED’s Series M-K, raw sugar, one of Hawaii’s primary
agricultural crops, is anticipated to decrease in export value from a State-wide total of
$330 million in 1985 to approximately $230 million in 2010. This amounts to a slight
but consistent annual decline averaging about 1.5 percent through 2010. Productivity
gains will also likely continue in sugar,resulting in employment declines averaging 2.5
percent per year from 1990 to 2010.

The market for Hawaii sugar is currently assured by the price support provisions of the
1985 Food Security Act through December 1989, assuming that Hawaii sugar
production is competitive in the marketplace and that high fructose corn syrup does not
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TABLE 2

Kauai Water Use and Development Plan
POPULATION PROJECTIONS

YEAR (1) RESTIDENT VISITOR (2) DEFACTO
1990 51,800 18,300 70,100
1995 59,500 22,200 81,700
2000 67,900 26,100 94,000
2005 76,800 28,000 104,800
2010 86,900 37,600 124,500

AREAL POPULATION DISTRIBUTION (2010) BY ZONING

AREA (1) RESIDENT VISITOR TOTAL
HANAPEPE, WAIMEA 11,300 527 11,827
KOLOA 19,970 12,390 32,360
LIHUE 20,860 8,542 29,402
KAWAIHAU 22,600 8,309 30,909
HANALET 12,170 7,833 20,003

AREAL POPULATION DISTRIBUTION (2010) BY GENERAL PLAN

AREA (1) RESIDENT VISITOR TOTAL
HANAPEPE, WAIMEA 15,909 1,666 17,575
KOLOA 27,916 8,799 36,715
LIHUE 16,882 7,417 24,299
KAWAIHAU 22,165 5,840 28,005
HANALEI 4,027 13,878 17,905

1 KAUAI DEPARTMENT OF ECONOMIC DEVELOPMENT
2 HAWAII STATE DATA BOOK



displace sucrose by an additional 1,000,000 tons, which is approximately the current
amount imported. Beyond that point there will either be need for a quota system for
domestic sucrose producers or part of the sales potentials will be lost to the highest cost
domestic producers, possibly including Hawaii. If the 1985 support program is not
renewed, most domestic producers, including Hawaii, will not be able to compete in the
marketplace against surplus sugar that is dumped on the world market at prices far
below costs of production.
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SECTION 3

EXISTING WATER USE AND DEVELOPMENT

3.1 OVERVIEW OF WATER USE ON KAUAI

On Kauai, most of the water used for urban activities is derived from groundwater
sources. Surface water has not been extensively used because of the ready availability
of an excellent supply of groundwater. According to water use data compiled by the
Department of Water, there was an estimated 423.4 million gallons per day (mgd) of
water used on Kauai, in 1988. Of this total, groundwater sources accounted for 60.0
mgd, or 14 percent of the total withdrawals of water use. Surface water sources,
primarily agricultural diversions, used 363.4 mgd, or approximately 86 percent of the
total. Recycled water for agriculture used 15 mgd, less than four percent of the total
water use on Kauai.

The major users of Kauai water include the sugar plantations, the Kauai Department of
Water (DOW), private industry, diversified agriculture, and other private users who
develop water for their own consumption. The DOW is the major supplier of potable
water for nearly all residential and urbanized uses on Kauai. Table 3 shows the
estimated amount of water used on Kauai in 1988.

Of the total estimated withdrawals of 423.4 mgd in 1988 from mostly surface sources,
the sugarcane plantations used the most water, 355.2 mgd, or 84.0 percent of all water
withdrawn on Kauai. The DOW withdrew 10.5 mgd or 2.5 percent. The 10.5 mgd
figure includes the use of Princeville which is a private system that is connected to
portions of the DOW system. Military use amounted to a minimum amount in 1988,
and miscellaneous private wells for agricultural, industrial and domestic use consumed
13.5 percent of the water.

3.2  AVAILABLE WATER SUPPLY

Kauai’s abundant groundwater and surface water supply is an important natural
resource that has contributed significantly to the economic growth of the island.
Rainfall is the sole source of freshwater and its quantity and spatial distribution govern
the volume and quality of the groundwater and surface water. Mean annual rainfall on
Kauai ranges from less than 20 inches to 400 inches on Mount Waialeale. Groundwater
recharge is estimated to be 30 percent of rainfall by the USGS.

As part of the upcoming Hawaii Water Plan, a study was commissioned to determine
the sustainable yields of surface and groundwater sources Statewide. George Yuen and
Associates (1989) have completed estimating the sustainable yield for all groundwater
aquifers on Kauai. The yields represent an estimate of the rate of total pumpage which
could be continuously withdrawn from an aquifer without affecting either the quality
or quantity of the output. Sustainable yields are derived from predevelopment water
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TABLE 3

WATER USE ON KAUAI

1988
Quantity (mgd) Percent
Board of Water Supply (1) 10.5 2.5
Sugarcane Plantations (2) 355.2 84.0
Private Use & Industrial (3) 57.7 13.5
4234 100

Q) DOW records, includes Princeville water use

(2) DOWALD and sugar companies

3) DOWALD and miscellaneous sources. Includes unverified data from State water
registration forms.
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balances and groundwater behavior over a period of time, and are only estimates to be
used as general guidelines at this time. Predevelopment refers to the hydrologic
conditions of the Island of Kauai before the introduction of urbanization and agricultural
activities. Thus, the impacts of agricultural transport of water and aquifer recharge due
to irrigation practices have yet to be taken into account. The amount of data available
is limited at this time. As further studies are done, the estimates of sustainable yield
will increase in accuracy. At this time the estimates provide accuracy to the right order
of magnitude and should be used as guidelines to define the high priority areas for
further study.

A water balance analysis was used to estimate the sustainable yields used in the State
Water Resources Protection Plan. A balance was established between the only source
of water in a hydrologic unit, rain, and the water leaving the hydrologic unit. Water
leaves the hydrologic unit by evaporation, consumption by plants or transpiration and
runoff from streams and rivers. The remaining portion of the rain water percolates into
the ground where it can recharge the various types of groundwater aquifers. Of this
amount that percolates into the ground, a portion is available for consumption. This
portion available for consumption is the sustainable yield for groundwater.

Some groundwater will reappear as surface water, such as springs, which increases the
total amount of surface water in rivers and streams. This interaction between surface
and ground water makes it more difficult to determine the sustainable yield for surface
water. The surface water estimates in this report are very approximate. The
consumption of water by man through wells, tunnels and stream diversions for
domestic, industrial, commercial and agricultural uses changes the natural hydrologic
patterns used in the sustainable yield estimates. Irrigation practices divert water that
would normally have flowed to the ocean and place it on crop fields, a portion of which
percolates back into the ground to recharge the groundwater aquifers. This will affect
the sustainable yield estimates. Additional studies will have to be done to take these
factors into account.

The sustainable yields of groundwater for the Aquifer Systems of Kauai are difficult to
estimate because of the complex relationships among the various types of groundwater
and between groundwater and surface water. Wherever the Koloa volcanics are the
dominant rock type, perched groundwater is widespread in discontinuous aquifers and
masks the presence of basal water. Beneath the aquifers in the Koloa formation, high
level and basal groundwater may exist in the basement rock of the Napali volcanics.
Adding to the uncertainties of water provenance are numerous large perennial streams
which drain high level and perched aquifers.

For all aquifer systems on Kauai, the sustainable yield for groundwater sources is
estimated at 388 mgd. The Wailua aquifer has the greatest supply at 60 mgd or 15
percent of the total. The appendix presents a detailed listing of water use by hydrologic
unit and presents the same listing by Water System area. A further discussion on the
accuracy of the sustainable yield estimates is provided in the Appendix.

Of the total of 388 mgd groundwater sustainable yield islandwide, an estimated 60 mgd
was withdrawn in 1988. This leaves a remainder of 328 mgd of available groundwater
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supply to accommodate future demands. Within individual aquifers, however, there is
substantial variation with some aquifers having significant withdrawals over sustainable
yield. The Kekaha aquifer is estimated to be overdrawn by 7.52 mgd, see Figure 5, but
all other aquifers show significant surplus. The estimated overdraft of 7.52 mgd is not
occurring at this time according to physical evidence. The discrepancy between the
estimated sustainable yield and the actual field experience is a function of the limited
hydrologic information available upon which the sustainable yield estimates were based.
The estimate indicates that further study of this area is necessary and further controls
may be required but there is no indication that the aquifer is being compromised or
overdrawn at this time. The Waimea, Makaweli and Hanapepe hydrologic units show
an inadequate sustainable yield when compared to surface water withdrawn. Since the
sugar companies adjust their irrigation practices to the water available, this is not
expected to be a problem. Figure 5 shows the existing water use, withdrawal and
sustainable yields. Water use describes the amount of water used for domestic or
agricultural purposes within a hydrologic unit. The water can come from the same unit
or be transported from another hydrologic unit. Water withdrawal describes the actual
removal of water from the hydrologic unit for these purposes. Withdrawals directly
impact the sustainable yield of a hydrologic unit. The sustainable yield estimates are
provided for comparison only.

3.3 MUNICIPAL SYSTEMS - DEPARTMENT OF WATER

The Department of Water (DOW) of the County of Kauai is a semi-autonomous agency
responsible for the management, control, and operation of Kauai’s municipal water
system. The DOW is entirely self-supporting from water sales revenues.

3.3.1 DOW Water Sources and System

To facilitate its planning and administration, the DOW has divided Kauai into thirteen
water service districts: Kekaha, Waimea, Hanapepe-Eleele, Kalaheo, Lawai-Omao, Koloa-
Poipu, Lihue, Wailua-Kapaa, Anahola, Moloaa, Kilauea and Anini, Hanalei and Haena-
Wainiha. These service areas correspond somewhat with the hydrologic systems.

As of 1988, the DOW maintained 47 separate groundwater sources comprised of wells,
shafts, and tunnels. The DOW has well fields containing a total of 39 wells. Seven
stations consist of shafts with horizontal collecting tunnels. One stream diversion at
Alexander Dam provides a local supply for the Kalaheo.

3.3.2 DOW Quantity and Quality of Water Use

Of the 9.73 mgd withdrawn by the DOW in 1988, 99 percent was from groundwater
sources. The remaining one percent is from stream spring water. The Princeville
system, which makes up the remaining 0.77 mgd, derives its water from groundwater
sources. Figure 3 shows the existing municipal water use on Kauai by major systems.



TABLE 4

Kauali Water Use and Development Plan
EXISTING WATER USE SUMMARY
Ground Water Used in Hydrologic Unit

Hydrologic System Ground Water Used (MGD) Ground

Municipal Irrigation Total Sustainable

/Other Yield (MGD)
Koloa 20101 5.91 26.02 31.93 30
Hanamaulu 20102 1.01 3.35 4.36 40
Wailua 20103 0.33 0.21 0.54 60
Anahola 20104 0.14 2.41 2.55 36
Kilauea 20105 0.19 0.00 0.19 17
Kalihiwai 20201 0.61 0.00 0.61 16
Hanalei 20202 0.37 0.00 0.37 35
Wainiha 20203 0.09 0.00 0.09 24
Napali 20204 0.00 0.00 0.00 20
Kekaha 20301 0.90 19.17 20.07 12
Waimea 20302 0.28 0.00 0.28 42
Makaweli 20303 0.26 2.15 2.41 30
Hanapepe 20304 0.15 0.00 0.15 26

Municipal figures show the water used by the Department of Water
Supply for Kauai County. Other water use reflects water used by
private domestic water systems. Irrigation figures list the water
used by agricultural activities. Total use is the sum of the
Municipal/Other and Irrigation use.

Sustainable Yields represent an estimate of the rate of total
pumpage which can be continuously drawn from a system without
affecting either the quality or quantity of the output.
Sustainable Yields are pre-development estimates and are provided
only as a general guide. The estimates for surface water are very
approximate. Further study is indicated before more definitive
conclusions can be drawn for planning purposes.

Water used in a hydrologic unit describes where water is actually
utilized for domestic or irrigation purposes. Water use does not
directly impact the sustainable yield of a hydrologic unit as water
could be withdrawn and transported from another hydrologic unit.



TABLE 5

Kauai Water Use and Development Plan
EXISTING WATER USE SUMMARY
Surface Water Used in Hydrologic Unit

Hydrologic System Surface Water Used (MGD) Surface

Municipal Irrigation Total Sustainable

/Other Yield (MGD)
Koloa 20101 0.50 28.52 29.02 21.7
Hanamaulu 20102 0.00 26.08 26.08 34.2
Wailua 20103 0.00 43.61 43.61 147.4
Anahola 20104 0.00 35.91 35.91 30.9
Kilauea 20105 0.00 6.89 6.89 16.8
Kalihiwai 20201 0.00 0.11 0.11 30.3
Hanalei 20202 0.00 13.15 13.15 151.5
Wainiha 20203 53.89 8.29 62.18 252.4
Napali 20204 0.00 0.00 0.00 12.8
Kekaha 20301 0.00 52.53 52.53 2.8
Waimea 20302 0.00 5.78 5.78 43.8
Makaweli 20303 0.00 77.58 77.58 22.6
Hanapepe 20304 0.00 7.02 7.02 43.6

Municipal figures show the water used by the Department of Water
Supply for Kauai County. Other water use reflects water used by
private domestic water systems. Irrigation figures list the water
used by agricultural activities. Total use is the sum of the
Municipal/Other and Irrigation use.

Sustainable Yields represent an estimate of the rate of total
pumpage which can be continuously drawn from a system without
affecting either the quality or quantity of the output.
Sustainable Yields are pre-development estimates and are provided
only as a general guide. The estimates for surface water are very
approximate. Further study is indicated before more definitive
conclusions can be drawn for planning purposes.

Water used in a hydrologic unit describes where water is actually
utilized for domestic or irrigation purposes. Water use does not
directly impact the sustainable yield of a hydrologic unit as water
could be withdrawn and transported from another hydrologic unit.



DOW, with assistance of DOH, monitors the quality of domestic water to ensure it is
safe to drink in conformance with the State’s Safe Drinking Water regulations. Approval
from the State Department of Health must be obtained before any new drinking water
source is used. All DOW potable water sources meet DOH and Environmental
Protection Agency water quality standards.

3.4  AGRICULTURAL SYSTEMS

Agricultural users of water on Kauai consist primarily of plantation irrigation of
sugarcane fields. Other diversified agricultural pursuits also use considerable water,
including taro, macadamia and other vegetables, coffee, melons, and fruits.

3.4.1 Sugarcane

The largest use of water on Kauai is for the irrigation of sugarcane plantations.
Sugarcane requires enormous quantities of water, nearly 1.5 tons of water is required
to produce one pound of sugar. Sugarcane yields are highest where sugarcane is
irrigated, and water use has been estimated at 600,000 to 1,000,000 gallons per day
per 100 acres. Plantation sugarcane companies utilized approximately 355.2 mgd for
irrigated sugarcane, about 99 percent of all surface water utilized in 1988 on Kauai.
Figure 4 shows the existing plantation ditch systems. The shaded areas denote the cane
fields. Figure 5 shows the existing municipal and irrigation water demands by
hydrologic unit. Tables 4 and 5 show the existing amount of ground and surface water
used, respectively, in a hydrologic unit, and Tables 6 and 7 show the amount of ground
and surface water withdrawn, respectively, from a hydrologic unit. It should be noted
that the water use figures do not directly impact upon the sustainable yields of the given
hydrologic units. The withdrawal figures, however, are directly related to the
sustainable yield figures. Water use and withdrawals are shown on Figures 5, 7 and 9
to graphically depict the areal distribution of water use.

Sugarcane is grown on approximately 39,000 acres. The major plantations on Kauai
are the Lihue Plantation Company which cultivates 15,000 acres of land, Kekaha Sugar
Company which cultivates on 8,400 acres, McBryde Sugar Company which cultivates
on 8,000 acres, Olokele Sugar Company which cultivates 4,800 acres and Gay and
Robinson which cultivates 2,800 acres. Acreage under cultivation have gradually
declined over the years due to falling sugar prices, increased use of artificial sweeteners,
and some urbanization of sugarcane lands. Acreage in sugarcane will be declining as
the major growers shift to other crops.

Most of Kauai’s sugarcane lands are irrigated, and these lands produce most of Kauai’s
sugar. Irrigation is primarily by furrow and drip systems. Water use has declined, aided
by the conversion to drip irrigation (6,000 gpd per acre) from furrow irrigation (10,000
gpd per acre). With furrow irrigation, the entire field must be wetted to achieve
wetting the sugarcane root zone. With drip irrigation, water is applied only to the root
zone area of the plant. The fields are watered using subsurface plastic tubes perforated
with tiny holes. Drip irrigation is now used extensively on Kauai, except for Lihue
Plantation, on irrigated fields to allow more efficient watering and fertilizing, higher
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TABLE 6

Kauai Water Use and Development Plan
EXISTING WATER USE SUMMARY
Ground Water Withdrawn from Hydrologic Unit

Hydrologic System Ground Water Withdrawn (MGD) Ground

Municipal Irrigation Total Sustainable

/Other Yield (MGD)
Koloa 20101 5.91 10.34 16.25 30
Hanamaulu 20102 1.01 3.35 4.36 40
Wailua 20103 0.33 0.00 0.33 60
Anahola 20104 0.14 2.62 2.76 36
Kilauea 20105 0.28 0.00 0.28 17
Kalihiwai 20201 0.79 0.00 0.79 16
Hanalei 20202 0.11 0.00 0.11 35
Wainiha 20203 0.09 0.00 0.09 24
Napali 20204 0.00 0.00 0.00 20
Kekaha 20301 0.35 19.17 19.52 12
Walimea 20302 0.83 0.00 0.83 42
Makaweli 20303 0.26 2.15 2.41 30
Hanapepe 20304 0.15 15.68 15.83 26

Municipal figures show the water withdrawn by the Department of
Water Supply for Kauai County. Other water withdrawn reflects water
withdrawn by private domestic water systems. Irrigation numbers
list the water withdrawn for agricultural activities. Total water
withdrawn is the sum of the Municipal/Other and Irrigation figures.

Sustainable Yields represent an estimate of the rate of total
pumpage which can be continuously drawn from a system without
affecting either the quality or quantity of the output.
Sustainable Yields are pre-development estimates and are provided
only as a general guide. The estimates for surface water are very
approximate. Further study is indicated before more definitive
conclusions can be drawn for planning purposes.

Water withdrawn from a hydrologic unit describes the water taken
from a hydrologic unit by well pumping, tunnels, or stream
diversions for domestic or agricultural uses.



TABLE 7

Kauai Water Use and Development Plan
EXISTING WATER USE SUMMARY
Surface Water Withdrawn from Hydrologic Unit

Hydrologic System Surface Water Withdrawn (MGD) Surface

Municipal Irrigation Total Sustainable

/Other Yield (MGD)
Koloa 20101 0.50 12.03 12.53 21.7
Hanamaulu 20102 0.00 7.22 7.22 34.2
Wailua 20103 0.00 60.52 60.52 147.4
Anahola 20104 0.00 25.63 25.63 30.9
Kilauea 20105 0.00 6.89 6.89 16.8
Kalihiwai 20201 0.00 0.11 0.11 30.3
Hanalei 20202 0.00 30.61 30.61 151.5
Wainiha 20203 53.89 8.29 62.18 252.4
Napali 20204 0.00 0.00 0.00 12.8
Kekaha 20301 0.00 0.53 0.53 2.8
Waimea 20302 0.00 57.78 57.78 43.8
Makaweli 20303 0.00 51.58 51.58 22.6

Hanapepe 20304 0.00 44.28 44.28 43.6

Municipal figures show the water withdrawn by the Department of
Water Supply for Kauai County. Other water withdrawn reflects water
withdrawn by prlvate domestic water systems. Irrlgatlon numbers
list the water withdrawn for agrlcultural activities. Total water
withdrawn is the sum of the Municipal/Other and Irrigation figures.

Sustainable Yields represent an estimate of the rate of total
pumpage which can be contlnuously drawn from a system without
affecting either the quality or quantity of the output.

Sustainable Yields are pre-development estimates and are provided
only as a general guide. The estimates for surface water are very
approximate. Further study is indicated before more definitive
conclusions can be drawn for planning purposes.

Water withdrawn from a hydrologic unit describes the water taken
from a hydrologic unit by well pumping, tunnels, or stream
diversions for domestic or agricultural uses.
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yields, use of steeper mauka lands, and less labor.

In 1988, Lihue Plantation Company pumped less than 1.0 mgd. The primary source of
water used by Lihue Plantation is from surface water. Approximately 85 mgd of use
was registered in 1988. Data was not available for all water sources used by the
Plantation. The Plantation has a capacity to use over 150 mgd based on the 10,000
gpd per acre figure used for furrow irrigation. Approximately 17.5 mgd of water was
transported from the Hanalei side via the Hanalei Ditch to irrigate the fields in Lihue
and Wailua. The ditch has a capacity of 30 mgd.

In 1988, McBryde Sugar Company withdrew 26 mgd from its wells in the Hanapepe and
Koloa area to irrigate its sugarcane fields. Surface water sources totalled 45 mgd,
including 17.0 mgd from the Hanapepe River. It should also be noted that some of
McBryde Sugar’s cane lands mauka of Koloa are unirrigated.

The Kekaha Sugar Company withdrew approximately 18 mgd from its wells in the
Kekaha area in 1989. Surface water flows totalled approximately 53 mgd from the
Kokee and Waimea Ditch Systems. The pumping in the area fluctuates seasonally and
the Kekaha Sugar Company’ pumping is facilitated by recharge from the water brought
to the area by the Kokee and Waimea Ditch. This recharge and its effects upon the
hydrology of the area will require additional studies to see if it has a significant impact
on the groundwater aquifer. According to the sustainable yield estimates for the area,
the Kekaha aquifer would appear to be sensitive to excess pumping.

The Olokele Sugar Company withdrew approximately 2 mgd from its wells in the
Kaumakani area. The surface water flows totalled approximately 36 mgd. The Olokele
Sugar Company receives water from the Gay and Robinson Company also. The Gay and
Robinson Company registered approximately 54 mgd of surface water use in 1988. Of
this amount a portion must be diverted to Olokele Sugar by mutual agreement.

3.5 MILITARY SYSTEMS
Military personnel comprise a portion of the population of Kauai. Most military
activities are located at the Pacific Missile Range Facility in Mana, Kauai. The facility

has its own water system and also supplements it system with water purchased from the
DOW.

3.6  PRIVATE DOMESTIC, COMMERCIAL, AND INDUSTRIAL SYSTEMS

Private domestic, commercial, and industrial systems encompass a relatively minor
category of self-supplied users of Kauai’s water sources, except for the Kilauea and
Princeville water system.

Iridustrial water supplies are provided by both the municipal DOW system and by private
industrial systems. A few major industries, such as sugar processing, provide their own
water supplies, and the balance, mostly smaller businesses, rely on the municipal system.



It is expected that future needs for major self-supplied industrial water would consist
largely of increased requirements for electric power generation. Wash water used by
sugar mills are now largely recycled to irrigate adjacent canefields.

A major independent water system has been established in Princeville community. The
Princeville System serves domestic and commercial water needs for the Princeville
community including residences, resort areas and small shopping areas. The system is
supplied by 2 wells which feed the DOW distribution system and is delivered to
Princeville’s private distribution system. Domestic and commercial water use for
Princeville is approximately 0.7 mgd.

There are other private systems such as the Polihale State Park Water System, Kokee
Water System, Mana Water System, Kekaha Camp Water System, Pakala and Kaawanui
Water Systems, Kaumakani Water System, Wahiawa Water System, Koloa Camp Water
System and Kealia Water System.



SECTION 4

FUTURE WATER NEEDS

4.1  MUNICIPAL WATER DEMAND

Municipal water demand consists of water supply provided for Kauai customers of the
Department of Water. These include the vast majority of residential, commercial,
governmental and industrial users, as well as smaller agricultural farmers. A portion of
the military water demand is also serviced by the Department of Water.

Future municipal water demand on Kauai is projected by major system areas and
hydrologic unit up to the year 2010. The projects are based on the widely accepted
population projections developed by the State Department of Business and Economic
Development. The most recent Series M-K projections as modified by the Kauai County
Department of Economic Development indicate a residential population for Kauai of
86,900 in the year 2010. This population total was distribution among the water
system and hydrologic unit areas using the existing and future 2010 population
distributions based on zoning.

Existing water consumption data were provided by the Department of Water for the
water service areas established for its billing purposes. Differences between the DOW
districts and the hydrologic units necessitated deriving some estimates in the distribution
of population and water consumption.

The existing per capita consumption by hydrologic unit was used in projecting water
demand for the planning period. A no increase or decrease in per capita consumption
has been assumed through the planning period. Per capita consumption was provided
by the DOW. The gallons per capita per day (gpcd) figures are; 187 gped for Waimea,
155 gpcd for Koloa, 202 gped for Lihue, 124 gped for Kapaa and 155 gped for Hanalei.
Due to the large component of future demand of the Princeville development, the
Princeville water demand is included in the projections for the Hanalei area.

Table 8 shows the actual and projected municipal water demand from 1990 to 2010
based on the above methodology.

Municipal and private potable water demand for Kauai is anticipated to increase from
the current level of 10.51 million gallons per day (mgd) to 20.08 mgd by the year 2010.
This represents a 91 percent increase over the planning period. Residential population
during the period is expected to increase 72 percent, and de facto population by over
100 percent.

4.2  AGRICULTURAL WATER DEMAND

The future water demand for agricultural pursuits is dependent on the type of crops
cultivated and the number of acres under cultivation. Principal among these on Kauai
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TABLE 8

Kauai Water Use and Development Plan
WATER DEMAND SUMMARY (per Municipal System)

Municipal Well Cap. Water Demand (MGD)
System (MGD) 1988 2010 Ultimate
Kekaha-Waimea 3.07 1.18 1.19 2.89
Hanapepe-Eleele 2.25 0.52 1.02 2.48
Koloa-Poipu 5.99 1.73 3.56 6.94
Kalaheo-Lawai 3.99 0.77 1.46 2.85
Lihue 6.94 2.45 5.92 8.59
Wailua-Kapaa 8.35 2.49 3.65 5.62
Anahola 0.72 0.13 0.18 0.28
Kilauea 2.02 0.28 0.45 0.82
Hanalei-Princeville 0.36 0.88 2.41 4.36
Wainiha-Haena 0.52 0.09 0.24 0.43
TOTALS: 34.21 10.52 20.08 35.26

Note: The above figures include Princeville.



are sugar and diversified agriculture.

4.2.1 Sugar

By far, the largest users of water are the sugar plantations. The plantations collectively
use 355 mgd or 84 percent of the total water use on Kauai. Sugarcane requires large
quantities of water, using 6,000 to 10,000 gallons per day per acre depending upon the
irrigation system used. The conversion of much of the sugar irrigated acreage from
furrow to drip irrigation has saved substantial amounts of water and increased yields
through the efficient application of fertilizer.

Sugar is expected to experience a gradual decline in acreage under cultivation due to
the increasing cost of production and sugar prices. U.S. sugar support prices are
expected to remain unchanged but the costs of labor, materials, equipments, and new
facilities are expected to increase with inflation. Sugar companies are actively exploring
replacement crops, including macadamia nuts, coffee, tea, cocoa, and citrus. Of these
replacement crops, the only land-extensive crop of proven profitability is macadamia nut
orchards.

The State Department of Business and Economic Development (DBED) anticipates a
decrease in export value statewide for raw sugar from $325 million in 1987 to $230
million by 2010. This amounts to a decline of approximately 30 percent or an average
annual decline of 1.5 percent through 2010. Whether sugar will be replaced by other
agricultural crops or urbanization will in large part depend upon future sugar prices, the
disposition of lease arrangements, and State and County land use policies. The decrease
in sugar cultivation may result in a reduced demand for water, given the high
consumption rate of sugarcane cultivation.

4.2.2 Diversified Agriculture

Diversified agriculture in the State has done well over the past decade. Kauai has also
experienced consistent increases over the past few years. The guava industry has done
particularly well, but the papaya has had major setbacks during the same period.

Projections of future water demand for diversified agriculture are difficult to determine
except in the aggregate. At this time all increases in diversified agriculture will be
assumed to be due to a change in crop from sugar. Therefore, no projections can be
made at this time.

4.3  MILITARY WATER DEMAND

The military in Hawaii is expected to continue to maintain a strong presence in the
foreseeable future. Water demand for the military is affected principally by the number
of active duty personnel and their dependents stationed on Kauai. There are currently
about 129 military personnel on Kauai.



The State’s expectation per the M-K projections is that the total military population will
remain relatively constant in terms of military personnel and civilian employment. No
increases in military demand is projected.

4.4  PRIVATE SYSTEMS DEMAND

Private systems water demand is expected to remain relatively constant over the
planning period. No major expansions or increases are anticipated, except for the
Princeville System. Most of the zoned land is located within the Princeville development
area and this is where the expected population growth in the Hanalei area will occur.
For this reason the Princeville projections are added into the Hanalei projections.

4.5 SUMMARY OF FUTURE KAUAI WATER DEMAND

Future water demand on Kauai is primarily dependent on the projections of municipal
water demand which would be supplied by the Department of Water and private water
demand at Princeville. Although presently constituting only about 2 percent of water
use on the island, the municipal demand is expected to steadily increase in both the
near and long term, to 20.08 mgd by the year 2010. Sugar production have
experienced a gradual decline in crop production over the years, and this trend is likely
to continue. Although diversified agriculture is expected to increase, the overall acreage
in agriculture on Kauai is not expected to increase from present levels.

For the purpose of projecting future water demand it is assumed that the M-K projected
decline in sugar exports will result in corresponding changes over to the crops.
Therefore, water demand for irrigation is not projected to rise or fall but remain
constant, except for 4.8 mgd of water demand for two State agricultural parks.

The military presence on Kauai is expected to remain relatively stable in terms of the
number of active military personnel and dependents stationed on the island. Private
systems and industrial use are expected to remain stable in usage through the planning
period.

Municipal water demand is driven primarily by population increases and associated land
use allowances for increased residential and other urban activities. The overall impact
on water resources, however, may not be significant depending upon the amount of the
source available.

4.6  AREAL IMBALANCES IN FUTURE DEMAND/SUPPLY

The basic directions for growth on Kauai are established by the County’s General Plan
and implemented by zoning. Table 8 shows future water needs by planning areas, the
20-year or 2010 projections and the maximum demand based on zoning. Tables 9 and
10 present the projected 20-year ground and surface water use, respectively, within a
hydrologic unit and Tables 11 and 12 show the projected 20-year ground and surface
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TABLE 9

Kauai Water Use and Development Plan
PROJECTED 20-YEAR WATER USE SUMMARY
Ground Water Used in Hydrologic Unit

Hydrologic System Ground Water Used (MGD) Ground

Municipal Irrigation Total Sustainable

/Other Yield (MGD)
Koloa 20101 4.94 26.02 30.96 30
Hanamaulu 20102 6.03 1.52 7.55 40
Wailua 20103 0.89 1.00 1.89 60
Anahola 20104 2.91 4.65 7.56 36
Kilauea 20105 0.40 0.00 0.40 17
Kalihiwai 20201 1.27 0.00 1.27 16
Hanalei 20202 1.19 0.00 1.19 35
Wainiha 20203 0.25 0.00 0.25 24
Napali 20204 0.00 0.00 0.00 20
Kekaha 20301 1.04 19.17 20.21 12
Waimea 20302 0.23 0.00 0.23 42
Makaweli 20303 0.33 2.15 2.48 30
Hanapepe 20304 0.12 0.00 0.12 26

Municipal figures show the water used by the Department of Water
Supply for Kauai County. Other water use reflects water used by
private domestic water systems. Irrigation figures list the water
used by agricultural activities. Total use is the sum of the
Municipal/Other and Irrigation use.

Sustainable Yields represent an estimate of the rate of total
pumpage which can be continuously drawn from a system without
affecting either the quality or quantity of the output.
Sustainable Yields are pre-development estimates and are provided
only as a general guide. The estimates for surface water are very
approximate. Further study is indicated before more definitive
conclusions can be drawn for planning purposes.

Water used in a hydrologic unit describes where water is actually
utilized for domestic or irrigation purposes. Water use does not
directly impact the sustainable yield of a hydrologic unit as water
could be withdrawn and transported from another hydrologic unit.



TABLE 10

Kauai Water Use and Development Plan
PROJECTED 20-YEAR WATER USE SUMMARY
Surface Water Used in Hydrologic Unit

Hydrologic System Surface Water Used (MGD) Surface
Municipal Irrigation Total Sustainable
/Other Yield (MGD)
Koloa 20101 0.50 28.52 29.02 21.7
Hanamaulu 20102 0.00 26.08 26.08 34.2
Wailua 20103 0.00 43.61 43.61 147.4
Anahola 20104 0.00 35.91 35.91 30.9
Kilauea 20105 0.00 6.89 6.89 16.8
Kalihiwai 20201 0.00 0.11 0.11 30.3
Hanalei 20202 0.00 13.15 13.15 151.5
Wainiha 20203 53.89 8.29 62.18 252.4
Napali 20204 0.00 0.00 0.00 12.8
Kekaha 20301 0.00 52.53 52.53 2.8
Waimea 20302 0.00 5.78 5.78 43.8
Makaweli 20303 0.00 77.58 77.58 22.6
Hanapepe 20304 0.00 7.02 7.02 43.6

Municipal figures show the water used by the Department of Water
Supply for Kauai County. Other water use reflects water used by
private domestic water systems. Irrigation figures list the water
used by agricultural activities. Total use is the sum of the
Municipal/Other and Irrigation use. '

Sustainable Yields represent an estimate of the rate of total
pumpage which can be continuously drawn from a system without
affecting either the quality or quantity of the output.
Sustainable Yields are pre-development estimates and are provided
only as a general guide. The estimates for surface water are very
approximate. Further study is indicated before more definitive
conclusions can be drawn for planning purposes.

Water used in a hydrologic unit describes where water is actually
utilized for domestic or irrigation purposes. Water use does not
directly impact the sustainable yield of a hydrologic unit as water
could be withdrawn and transported from another hydrologic unit.



TABLE 11

Kauai Water Use and Development Plan
PROJECTED 20-YEAR WATER USE SUMMARY
Ground Water Withdrawn from Hydrologic Unit

Hydrologic System Ground Water Withdrawn (MGD) Ground

Municipal Irrigation Total Sustainable

/Other Yield (MGD)
Koloa 20101 4.94 10.34 15.28 30
Hanamaulu 20102 6.03 1.52 7.55 40
Wailua 20103 0.89 1.00 1.89 60
Anahola 20104 2.91 4,65 7.56 36
Kilauea 20105 0.49 0.00 0.49 17
Kalihiwai 20201 1.46 0.00 1.46 16
Hanalei 20202 0.93 0.00 0.93 35
Wainiha 20203 0.25 0.00 0.25 24
Napali 20204 0.00 0.00 0.00 20
Kekaha 20301 0.49 19.17 19.66 12
Waimea 20302 0.78 0.00 0.78 42
Makaweli 20303 0.33 2.15 2.48 30
Hanapepe 20304 0.12 15.68 15.80 26

Municipal figures show the water withdrawn by the Department of
Water Supply for Kauai County. Other water withdrawn reflects water
withdrawn by private domestic water systems. Irrigation numbers
list the water withdrawn for agricultural activities. Total water
withdrawn is the sum of the Municipal/Other and Irrigation figures.

Sustainable Yields represent an estimate of the rate of total
pumpage which can be continuously drawn from a system without
affecting either the quality or quantity of the output.
Sustainable Yields are pre-development estimates and are provided
only as a general guide. The estimates for surface water are very
approximate. Further study is indicated before more definitive
conclusions can be drawn for planning purposes.

Water withdrawn from a hydrologic unit describes the water taken
from a hydrologic unit by well pumping, tunnels, or stream
diversions for domestic or agricultural uses.



TABLE 12

Kauai Water Use and Development Plan
PROJECTED 20-YEAR WATER USE SUMMARY
Surface Water Withdrawn from Hydrologic Unit

Hydrologic System Surface Water Withdrawn (MGD) Surface

Municipal Irrigation Total Sustainable

/Other Yield (MGD)
Koloa 20101 0.50 12.03 12.53 21.7
Hanamaulu 20102 0.00 7.22 7.22 34.2
Wailua 20103 0.00 60.52 60.52 147.4
Anahola 20104 0.00 25.63 25.63 30.9
Kilauea 20105 0.00 6.89 6.89 16.8
Kalihiwai 20201 0.00 0.11 0.11 30.3
Hanalei 20202 0.00 30.61 30.61 151.5
Wainiha 20203 53.89 8.29 62.18 252.4
Napali 20204 0.00 0.00 0.00 12.8
Kekaha 20301 0.00 0.53 0.53 2.8
Waimea 20302 0.00 57.78 57.78 43.8
Makaweli 20303 0.00 51.58 51.58 22.6
Hanapepe 20304 0.00 44.28 44.28 43.6

Municipal figures show the water withdrawn by the Department of
Water Supply for Kauai County. Other water withdrawn reflects water
withdrawn by prlvate domestic water systems. Irrlgatlon numbers
list the water withdrawn for agr1cultura1 activities. Total water
withdrawn is the sum of the Municipal/Other and Irrigation figures.

Sustainable Yields represent an estimate of the rate of total
pumpage which can be contlnuously drawn from a system without
affecting either the quality or quantity of the output.
Sustainable Yields are pre- development estimates and are provided
only as a general guide. The estimates for surface water are very
approximate. Further study is indicated before more definitive
conclusions can be drawn for planning purposes.

Water withdrawn from a hydrologic unit describes the water taken
from a hydrologic unit by well pumping, tunnels, or stream
diversions for domestic or agricultural uses.



water withdrawn, respectively, from a hydrologic unit. Figure 6 shows the projected
20-year demand by municipal system and Figure 8 shows the projected long range
demand by municipal system based on zoning. Figure 7 shows the projected 20-year
water demand by hydrologic unit and Figure 9 shows the long range demand hydrologic
systems. Tables 13 and 14 present the projected long range ground and surface water
use, respectively, within a hydrologic unit and Tables 15 and 16 show the projected
long-range ground and surface water withdrawn, respectively, from a hydrologic unit.
The long range water use is determined by calculating the total water demand at full
development of all the General Plan lands on Kauai. This is expected to occur after the
year 2030 at present growth rates.

The areas requiring the greatest amounts of water by the year 2010 are Kawaihau,
Lihue and Koloa-Poipu. Kawaihau will need 1.16 mgd additional water supply to meet
the projected population. Lihue, Koloa-Poipu and Kalaheo-Lawai will have additional
needs of 3.47 mgd, 1.83 mgd, and 0.69, respectively. All other areas will need
additionally about 0.5 mgd or less by the year 2010. The Hanalei-Kalihiwai area which
includes Princeville will require another 1.53 mgd.

The sustainable yield figures show that groundwater is available in the hydrologic units
to meet the water demand beyond the year 2010, except for Kekaha. While the
hydrologic units have the available sustainable yields to meet the projected demands,
the DOW must develop the wells to extract the water from the ground for use.
Potential sources have been identified by the present Water Master plan and additional
sources have been identified since then. Additional well testing and exploration will be
required to meet the projected 2010 and long range demands. Alternative sources,
including the expansion of surface water treatment facilities, will also have to be studied
for the long range plan.

The Kekaha area is already importing some its potable water from the Waimea
hydrologic unit to the Kekaha unit. The Lihue area or Hanamaulu Hydrologic unit can
now import water from the Wailua-Kapaa or the Wailua hydrologic unit and portions
of the Anahola hydrologic unit. This will be required to meet projected peak flow
demands but there is adequate capacity to meet the average daily demands within the
hydrologic unit. The koloa-Poipu water system should be connected to the Lawai-
Kalaheo system to increase the reliability of both systems.

The areal imbalances created by the importation of surface water for irrigation from one
hydrologic unit to another is expected to persist as it exists today. The sugar companies
can divert water from streams in other hydrologic units to this fields by extensive
systems of ditches and tunnels. The Kekaha Sugar Company and Lihue Plantation
Company move large amounts of surface water from one hydrologic unit to another.
Plans to convert some cane fields to residential or other urban activities will reduce
irrigation requirements, reducing some of the areal imbalances. The conversion will also
reduce groundwater requirements for irrigation as in the Koloa-Poipu and Kalaheo-
Lawai areas.
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TABLE 13

Kauai Water Use and Development Plan
LONG RANGE WATER USE SUMMARY
Ground Water Used in Hydrologic Unit

Hydrologic System Ground Water Used (MGD) Ground

Municipal Irrigation Total Sustainable

/Other Yield (MGD)
Koloa 20101 10.29 26.02 36.31 30
Hanamaulu 20102 8.75 1.52 10.27 40
Wailua 20103 1.32 1.00 2.32 60
Anahola 20104 4.48 4.65 9.13 36
Kilauea 20105 0.71 0.00 0.71 17
Kalihiwai 20201 2.30 0.00 2.30 16
Hanalei 20202 2.14 0.00 2.14 35
Wainiha 20203 0.45 0.00 0.45 24
Napali 20204 0.00 0.00 0.00 20
Kekaha 20301 2.54 19.17 21.71 12
Waimea 20302 0.56 0.00 0.56 42
Makaweli 20303 0.80 2.15 2.95 30
Hanapepe 20304 0.28 0.00 0.28 26

Municipal figures show the water used by the Department of Water
Supply for Kauai County. Other water use reflects water used by
private domestic water systems. Irrigation figures list the water
used by agricultural activities. Total use is the sum of the
Municipal/Other and Irrigation use.

Sustainable Yields represent an estimate of the rate of total
pumpage which can be continuously drawn from a system without
affecting either the quality or quantity of the output.
Sustainable Yields are pre-development estimates and are provided
only as a general guide. The estimates for surface water are very
approximate. Further study is indicated before more definitive
conclusions can be drawn for planning purposes.

Water used in a hydrologic unit describes where water is actually
utilized for domestic or irrigation purposes. Water use does not
directly impact the sustainable yield of a hydrologic unit as water
could be withdrawn and transported from another hydrologic unit.



TABLE 14

Kauali Water Use and Development Plan
LONG RANGE WATER USE SUMMARY
Surface Water Used in Hydrologic Unit

Hydrologic System Surface Water Used (MGD) Surface

Municipal Irrigation Total Sustainable

/Other Yield (MGD)
Koloa 20101 0.50 28.52 29.02 21.7
Hanamaulu 20102 0.00 26.08 26.08 34.2
Wailua 20103 0.00 43.61 43.61 147.4
Anahola 20104 0.00 35.91 35.91 30.9
Kilauea 20105 0.00 6.89 6.89 16.8
Kalihiwai 20201 0.00 0.11 0.11 30.3
Hanalei 20202 0.00 13.15 13.15 151.5
Wainiha 20203 53.89 8.29 62.18 252.4
Napali 20204 0.00 0.00 0.00 12.8
Kekaha 20301 0.00 52.53 52.53 2.8
Waimea 20302 0.00 5.78 5.78 43.8
Makaweli 20303 0.00 77.58 77.58 22.6
Hanapepe 20304 0.00 7.02 7.02 43.6

Municipal figures show the water used by the Department of Water
Supply for Kauai County. Other water use reflects water used by
private domestic water systems. Irrigation figures list the water
used by agricultural activities. Total use is the sum of the
Municipal/Other and Irrigation use.

Sustainable Yields represent an estimate of the rate of total
pumpage which can be continuously drawn from a system without
affecting either the quality or quantity of the output.
Sustainable Yields are pre-development estimates and are provided
only as a general guide. The estimates for surface water are very
approximate. Further study is indicated before more definitive
conclusions can be drawn for planning purposes.

Water used in a hydrologic unit describes where water is actually
utilized for domestic or irrigation purposes. Water use does not
directly impact the sustainable yield of a hydrologic unit as water
could be withdrawn and transported from another hydrologic unit.



TABLE 15

Kauai Water Use and Development Plan
LONG RANGE WATER USE SUMMARY
Ground Water Withdrawn from Hydrologic Unit

Hydrologic System Ground Water Withdrawn (MGD) Ground

Municipal Irrigation Total Sustainable

/Other Yield (MGD)
Koloa 20101 10.29 10.34 20.63 30
Hanamaulu 20102 8.75 1.52 10.27 40
Wailua 20103 1.32 1.00 2.32 60
Anahola 20104 4.48 4.65 9.13 36
Kilauea 20105 0.80 0.00 0.80 17
Kalihiwai 20201 2.48 0.00 2.48 16
Hanalei 20202 1.88 0.00 1.88 35
Wainiha 20203 0.45 0.00 0.45 24
Napali 20204 0.00 0.00 0.00 20
Kekaha 20301 1.99 19.17 21.16 12
Waimea 20302 1.11 0.00 1.11 42
Makaweli 20303 0.80 2.15 2.95 30
Hanapepe 20304 0.28 15.68 15.96 26

Municipal figures show the water withdrawn by the Department of
Water Supply for Kauai County. Other water withdrawn reflects water
withdrawn by private domestic water systems. Irrigation numbers
list the water withdrawn for agricultural activities. Total water
withdrawn is the sum of the Municipal/Other and Irrigation figures.

Sustainable Yields represent an estimate of the rate of total
pumpage which can be continuously drawn from a system without
affecting either the quality or quantity of the output.
Sustainable Yields are pre-development estimates and are provided
only as a general guide. The estimates for surface water are very
approximate. Further study is indicated before more definitive
conclusions can be drawn for planning purposes.

Water withdrawn from a hydrologic unit describes the water taken
from a hydrologic unit by well pumping, tunnels, or stream
diversions for domestic or agricultural uses.



TABLE 16

Kauai Water Use and Development Plan
LONG RANGE WATER USE SUMMARY
Surface Water Withdrawn from Hydrologic Unit

Hydrologic System Surface Water Withdrawn (MGD) Surface

Municipal Irrigation Total Sustainable

/Other Yield (MGD)
Koloa 20101 0.50 12.03 12.53 21.7
Hanamaulu 20102 0.00 7.22 7.22 34.2
Wailua 20103 0.00 60.52 60.52 147.4
Anahola 20104 0.00 25.63 25.63 30.9
Kilauea 20105 0.00 6.89 6.89 16.8
Kalihiwai 20201 0.00 0.11 0.11 30.3
Hanalei 20202 0.00 30.61 30.61 151.5
Wainiha 20203 53.89 8.29 62.18 252.4
Napali 20204 0.00 0.00 0.00 12.8
Kekaha 20301 0.00 0.53 0.53 2.8
Waimea 20302 0.00 57.78 57.78 43.8
Makaweli 20303 0.00 51.58 51.58 22.6
Hanapepe 20304 0.00 44.28 44,28 43.6

Municipal figures show the water withdrawn by the Department of
Water Supply for Kauai County. Other water withdrawn reflects water
withdrawn by prlvate domestic water systems. Irrlgdtlon numbers
list the water withdrawn for agrlcultural activities. Total water
withdrawn is the sum of the Municipal/Other and Irrigation figures.

Sustainable Yields represent an estimate of the rate of total
pumpage which can be contlnuously drawn from a system without
affectlng either the quality or quantity of the output.
Sustainable Yields are pre- development estimates and are provided
only as a general guide. The estimates for surface water are very
approx1mate. Further study is indicated before more definitive
conclusions can be drawn for planning purposes.

Water withdrawn from a hydrologic unit describes the water taken
from a hydrologic unit by well pumping, tunnels, or stream
diversions for domestic or agricultural uses.



SECTION 5

PLAN IMPLEMENTATION

5.1 PROPOSED WATER DEVELOPMENTS

This section describes proposed water developments to be undertaken by government
agencies and the private sector. In the County of Kauai, the coordination of public
facilities with land use has been implemented through the General Plan process.

5.1.1 Municipal Water Development Plans

Table 17 lists by hydrologic unit the DOW projects that will be required to meet the
water demand for the next 20 years. Figure 10 shows the location of these proposed
improvements. Proposed projects over the next 20-year timeframe will involve the
expenditure of $94,000,000 in capital improvements for source production, storage,
transmission and support facilities. Cost estimates are developed from the Oahu Board
of Water Supply 6 - Year Capital Improvement Program cost estimates for well
development and reservoir construction. Actual costs may vary from these estimates as
more details on the proposed water source and storage developments are prepared.

5.1.2 Agricultural, Private, and Military Plans

A. Agricultural Plans: The sugar plantations have adequate water supply
for their irrigation requirements and have no plans or need for additional
water development projects. Ongoing conversion from furrow to drip
irrigation is expected to continue to improve sugar yields and free water
for use on other fields. The change over of crops may also reduce the
water required for irrigation. The State of Hawaii plans to develop two
new agricultural parks which will require 4.8 mgd of groundwater from
the Anahola and Wailua hydrologic units.

B. Private Sector Plans: The primary development will be the upgrade to
the Princeville Water System. A new well and reservoir are planned to
support their Phase 2 developments.

C. Military Plans: No new water sources are expected to be developed by
any of the military installations.

5.1.3 State Water Development Plans

State water development projects identified by the State Project Plan are listed in the
appendix. The projects include Agricultural park irrigation systems and housing

5-1



TABLE 17

Kauai Water Use and Development
PROPOSED WATER DEVELOPMENTS FOR
DOW DEVELOPMENTS

System

Plan
KAUAI

Type of

Improvement

301 1
2

Kekaha-Waimea
302 3

Hanapepe-Eleele 304 1

Kalaheo-Lawai 101

Koloa-Poipu 101

Lihue 102

Wailua-Kapaa 104

Kilauea 105

Hanalei 202

Princeville 201

N i i

TOTAL

Unit'prices developed from Oahu

Wells
Reservoir

Exploratory
Wells

Well
Reservoir
Lineal Feet
of Pipe

Well
Reservoir

Well

Well
Reservoir
Lineal Feet
of Pipe

Wells

Well
Reservoir
Lineal Feet
of Pipe

Well

Well

Well
Reservoir
Lineal Feet
of Pipe

Well
Reservoir

Well

Well
Reservoir

BWS C.I.P.

Capacity
600 gpm
1 mg

n.a.

700 gpm

12 1n

700 gpm

800
1200

gpm
gpm

12 in

200
700

gpm
gpm

in
1000

700
600

gpm
gpm
gpm

700
0.5

gpm
mg

gpm

gpm
mg

250

1500
1.5

Cost

$2,242,080
$3,376,000

$360,000

$2,615,760
$3,376,000
$975, 000

$2,615,760
$5,064,000

$5,978,880
$4,484,160
$11,816,000
$945,000

$2,242,080
$5,231,520
$8,440,000
$1,387,500

$3,736,800
$7,847,280
$4,484,160
$11,816,000

$900, 000

$2